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(54) Title: OLEFIN SOLUTION POLYMERIZATION 
(57) Abstract 

A solution polymerization system for 
polymerizing an olefin monomer by reacting 
tbe monomer with catalyst and solvent has 
teen invented. The system in one aspect in- 
eludes a flow loop with a product polymer out- 
let, the flow loop forming a recycling reactor, 
a cataylst inlet .on the flow loop through which 
catalyst and solvent flow into the flow loop a 
monomer inlet on the flow loop through which 
monomer and solvent flow i mo the flow looo 
and, with the catalyst, form a reactam material 
stream, a first heat exchanger on the flow loop 
for receiving the rcactant materials stream and 
any formed polymer and for removing heat of 
reaction or polymerization from the flow loop 
and pump apparatus for pumping the rcactant 
material* stream and formed polymer in the 
flow loop and from the first heat exchanger to 
tte product polymer ouUet In one aspect the 
system includes at least one additional heat 
exchanger on the flow loop for receiving the 
rtactant materials soram and formed polymer 
and for removing heat of reaction or polymer, 
uanon from the flow loop, the pump appara- 
tus pumping formed polymer and remaining 

rcactant materials to the product polymer out- . - 
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5 flo lnVentl ° n 15 direCted to an exothermic, controlled 

5 flow solution polymerization system and process. m - 
particular, this invention pertains to a non- adiabatic 
substantially well-mixed solution polymerization system and 
process for making ethylene, propylene, and 

-eluding, but not limited to, polypropylene, styrene bloT 
>. copolymers, ethylene-propylene-diene monomer (EPDM) 
elastomers, ethylene -propylene ifp) 

stWBno • . P-opyxene (EP) elastomers, ethylene- 

^S!*""' ethylene/al ^— -terpoly.ers, and' 

Olefin manufacturers have long sought the ability to - 
offer a wide range of product typtf- ^ ^ ^ 

single process platform. With the development and 
advancement of metallocene catalyst complexes and the 
continued advancement of traditional ziegler coordination 
catalyst systems, the potential has emerged to manufacture 

syltT °w>? K° lyffler tyP6S 3 Sin9le 

system Wlt h the recognized polymer product advantages 

derived from solution polymerization systems (relative to gas 

Phase and slurry or particle-form processes), well-mixed 

single- phase solution polymerization has been long perceived 

as the candidate process to allow full exploitation^ of 

various olefin catalyst advancements.. However , known 

solution polymerization systems (i.e., adiabatic stirred tank 

r r :;:r7rr sses) have im ™ ^ - * it 

resolved before the desired catalyst /polymer product 
exploxtation can be realized. That is, significant process 
advancements are required beyond adiabatic. stirred reactor 
solution polymerization. For example, as a primary 
retirement, the desired solution polymerization system 
should accommodate or efficiently utilize the wide range of 
exothermic heats of reaction (heat of polymerization, 
occurring with respect to various olefin polymer types; for 
example, ethylene polarization being a relatively^ heat 
generator and styrene polarization being a relatively £ 
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heat generator. 

Also, to meet accelerating volume potentials for o «f in 
polymers manufactured using various catalyst advancements 
particularly advancements pertaining to metallocene catalyst 
complexes, the desired solution polymerization system should 
accommodate or utilize the wide range of heats of reaction 
whale maintaining high polymer production rates. Moreover ' 
high productivity should be accomplished without the so- 
desired solution polymerization system being cost orohibitive' 
to construct or operate, nor excessively large in physical 
size. 

In particular, the desired solution polymerization 
system should overcome the typical limitations of adiabatic 
polymerizations wherein polymer concentration and conversion 
can not be adjusted freely and/or independently. That is, if 
the heat of reaction or polymerization can be removed from 
the polymerization system by means external to the ' 
polymerization reaction, then polymerization conditions, such 
as reactor temperature and. polymer concentration, could be 
selectively controlled to selectively optimize polymer 
production rates, polymer structure, and catalyst 
efficiencies. 

Himonfs Spheripol process is well-known in the art of 
olefin polymerization. Loop polymerization systems are well- 
known for manufacturing polystyrene. 

Meyer discloses in a paper presented at the AlChe Annual 
Meeting, Los Angeles, November 17-22, 1991, the heat transfer 
capacities per unit volume for various reactor types. In 
Figure. 9 of the paper, Meyer discloses that pipe adapted with 
static mixing devices offers only incrementally improved heat 
removal relative to empty pipe or a stirred tank reactor. 
This same figure was also published as Fig. ll in Chemical 
Plant & Processing, November 1989. The figure discloses that 
a static mixer/heat exchanger apparatus comprised of tortuous 
tubes or conduit pipes is a substantially superior heat 
exchange apparatus at process volumes greater than 1 cubic 
meter. . 

While various polymerization systems and/or reactor 
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types are known for maltll)s various ^.^^ ^ 
polymerization system or process meets the ab0 ve stated 

(such as. for example, standard engineering design oackao.* 
s commercially available from Koch which can also LcLde k l 

■ :: xer/heat ~ chan3er ~™"> *° - ^iit 

teteo object. Per example, while known loop reactor 
technology can be readily employed for olefin polarization. 
■ Characterized by relatively low process side vLmetri he- 

» 1-surted for olefin polymerizations requiring relatively 
high heat removal rates. e-^tzveiy 

rates P Tno™ £ r "<*"^ hi* heat removal 

rates, known loop reactor systems are generally restricted to 
large process volume/size retirements, high recycle ratios 
and/ , producUon ^ ^ ic ^ J, used for ' 

k il n l" remOVal/ " 9h *«*«ivity solution polymeria ions 
known loop reactor systems are characterized by poor 

20 1 mi!Ci " 9 ""^ " SUl " in the -currence of cold 

monomer-rxch regions in the reactor system. The occurrence 

T /T 0,1S inVariably r " UltS in «» Potion of 
L^xaml \ ^"irable polymer fraction, such as, 

» I o these ^ denSUy relatiVC " the P-W 
Also these cold, monomer-rich reactor regions can give rise 

wh«h m turn results in reactor instability, fouling and 

i::iz:::; n as 981 - — 
0 -tei\„ d r::::i;: l-jt: ^r^r^"-' ■ 

Polymers comprising at least on. , / 0;iefin 
ethvl.n. , e£ln m °"omer such as . ■ 

ethylene, propylene, or styrene polymers and including, but 
not necessarily limited to. polypropylene, styrene block 

> copolymers, ethylene-propylene-di 

j Propylene -diene monomer (EPDM) 

elastomers. ethylene-proDvlene (Pn .1 - 

styrene copolymers. ethy'leL/aloha " hyle - 

POlyethylene. The nJTi^^ *"* 

ei solution polymerization system and 
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process is particularly suitable for making olefin poly - s 
composing ethylene as. the at least one olefin monomer 

• D o lvm • 3SPeCt ° f PreSent ^^on is a solution 

polymerization syste m for polymerizing an olefin .oncer i n 
■ -least one reactor stream of at least one reactor with 
catalyst, and solvent, the system. comprising: 

(A) at least one flow loop which forms the at 
-east one reactor, the at least one reactor having a 
^ reactor volume, the at least one flow loop having: 

(1) at least one product outlet, 

' catalvst ^ ^ ° ne Cat3l y st inle t' through which 

catalyst .lows into the at least one flow loop, 

(3) at least one monomer inlet through which 
monomer flows into the at least one flow loop and, with 
catalyst and solvent, forms a reaction stream, 

■U> at least one. heat exchange apparatus 
whxch receives the reaction stream and polymer formed 
therein, and which removes heat of reaction or 
^ polymerization from the at least one flow loop, and 

(5) at least one pump apparatus for pumping 
the reaction stream and polymer around the at least one 
flow loop, 

<B) a portion of the reaction stream and polymer 
exiting the at least one flow loop through the at least 
one product outlet, and 

(C) the at least one heat exchange apparatus 
removing heat of reaction or polymerization from the 
polymer and reaction stream at a rate of at least 85 
Btu/hour.cubic foot. c F (1.6 kW/m'.°K) . 
30. Another aspect of the invention is a solution 

polymerization system for polymerizing an olefin monomer in a 
reactor stream of two or more reactors with catalyst and 
solvent, the system comprising: 

(A) ' 3 f irst f low lo °P "hich forms a first reactor 
the first reactor having a first reactor volume, the 
first flow loop having: 

(i) at least one first product outlet, 

(ii) at least one first catalyst inlet 
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through which catalyst flows into the first flow loop, 

(iii) at least one first monomer inlet through 
wh ic .h monomer flows into the first flow loop and, with 
catalyst and solvent, forms a first reaction stream, 

(iv) at least one first heat exchange 
apparatus which receives the first reaction stream and ■ 
urst polymer formed therein, and which removes heat of 
reaction or polymerization from the first flow loop, and 

<v) a t i east one first pump apparatus for 
pumping the first reaction stream and first polymer in 
the first flow loop from the at least one first heat 
exchange apparatus to the at least one first product 
outlet, and 

..<B) a second flow loop which forms a second 
reactor, the second reactor having a second reactor 
volume, the second flow loop having: 

(i) at least one second product outlet, 

(ii) at least one second catalyst inlet 
through which catalyst flows into the second flow loop, 

Ui'i) at least .one second monomer inlet 
through which monomer flows into the second flow loop " 
and, with catalyst and solvent, forms a second reaction 
stream, 

liv) at least one second heat exchange 
apparatus which receives th* second reaction stream and 
second polymer formed therein, and which- removes heat of 
reaction or polymerization from the second flow loop 

and • ' ' . 

(v) at least one second pump apparatus for 
pumping. the second reaction stream and second polymer in 
the second flow loop from the at least one second heat 
exchange apparatus to the second product outlet, and 

(O the at least one first heat exchange apparatus 
and the at least one second heat exchange apparatus 
removing -total heat of reaction or polymerization from 
the reactor streams at a rate of at least 85 
Btu/hour.cubic'foot.°F (l . 6 kW/mV> K ) , 

. (D) the second flow loop having at least one 
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product iu lnto „ hich flows £irst 
por.zon of the first reactor £r£)m the ac : 

one first .product outlet of the first flow l oop , and 
• (EI 8 °f first polymer, second oolymer 

first reaction stream and second reaction stream «itin B ' 
the second flow loop through the at least one second 
product outlet. 

One surprising result obtainable with the novel 
nonaoiabatic. system and process disclosed herein is, in 
.0 certain embedments, olefin poller manufacturers can make 
substantially linear ethylene poller products with higher 
long chain branching levels at higher production rates and 
substantially equivalent catalyst efficiencies or 
alternatively, olefin poller manufacturers can make the same 
S substantially linear ethylene poller products at higher 
production rates and substantially higher catalyst 
efficiencies relative to the capabilities existing for known 
adiabatic solution polymerization processes. Important 
aspects of the present invention pertain to enhanced heat 
removal rates and enhanced mixing of monomer, catalyst and 
solvent reactor (s) stream relative to known loop reactor 
systems such that high productivity and desired product 
requirements are met while substantially avoiding typical 
polymerization problems that include reactor instability 

' 27 SSi Z r * aCt0r fOUUn9 ' ° b ^ ctio -^ 9el formation and/or 
undesirable product composition heterogeneity. 

Another important aspect of the present novel solution 

Polymerization system and process is the ability to control 

polymer concentration in reactor streams is substantially 

independent or more independent of monomer conversion 

Certain specific aspects relate to providing a 

catalyst/solvent, injector that introduces a confined, 

restricted amount of the catalyst well -mixed in solvent into 

the flow loop and to providing a monomer injector that 

introduces a finely dispersed stream or streams of monomer 

«to the flow loop such as. for example, an injector designed 

with multiple flow exit ports and positioned in the flow loop 

to provide a finely dispersed stream traversing axially 
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across the flow loop. Although not limited thereto a 
certain specific aspect of the present invention, relates to 
. sequencing and/or the orientation of the at least one 
catalyst/solvent injector in relation to the at least one 
"onomer injector and/or. in certain embodiments, relates to 
sequencing and/or the orientation of the at least one 
catalyst/solvent injector in relation to at least one fixing 
device or mixer provided to the flow loop. 

3" certain embodiments, the solution polymerization 
system deludes a catalyst/solvent injector ,as shown Z „ s 
Patent 4. e oe.o07, „„i ch has an elonsated ^ »■«• 

-mber. a constricted part intermediate to its ends with a 
— ng zone comprised of two cylindrical orifices whose .axes . 

first fluid (e.g. recycle reactor contents) and , fluid entrv 
port for discharging a second fluid (e.g. catalyst system 
which may include catalyst, oocatalyst, support, and/or 
carrier) between the two cylindrical orifices. The solution 
polymerization system also has. in certain specific 
embodiments a static or mechanical mixer disposed downstream 
of the catalyst/solvent injector. Monomer and solvent (and 
other ingredients) may be injected through the monomer 
injector. Another static or mechanical mixer, in certain 
embodiments, is disposed between the monomer injector and the 
first heat exchange apparatus. In still other embodiment 
"cnomer and/or catalyst is injected in the mechanical mixer 

Any suitable heat exchange apparatus may be used, in „ v 
configuration, including, for example, a cooling coil 
position ed in the flow loop, a shell-and-tube heat exchanger 
Positioned in the flow loop wherein the flow stream passef 
Chrougb the tubes or the entire flow loop being desired as a 
heat exchange apparatus by providing cooling via a j!Lt or 
double piping. In one aspect, a for. of shell-and-tube heat 
exchanger is used with a housing having an inlet - and an 
outlet for the reaction mixture and an inlet and outlet for 
heat transfer media (e.g. water, water/glycol , steam, 
SYLTHERM 1 * material or media supplied by The Dow chemical 
Company under the designation DOWTHERM*) . The reaction 
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mixture flows through a plurality of heat transfer tubes 
within the housing while the heat transfer media flows over 
the tubes - exterior surfaces transferring the heat of 
reaction or polymerization from the reaction mixture 
5 Alternatively, the. reaction stream flows through the housing 
and the heat transfer media flows through the tubes. m one 
aspect, the at least one heat exchange apparatus is a ~ 
commercially available item (such as, for example, a static 
mixer/heat exchanger supplied by Koch) having a tortuous path 
10 therethrough defined by the tubes' tubular walls and/or 

having solid static interior elements forming an interior web 
through which the reaction mixture flows. However, another 
surprising aspect of the invention, wherein objects of the 
invention are met (i.e., high productivity and high heat 
<5 removal while avoiding reactor instability, excessive reactor' 
fouling, objectionable gel formation and/or undesirable 
product compositional heterogeneity) , is even when the at 
least, one heat exchange apparatus consists of a plurality of 
nontortuous tubes or conduits and the at least one reactor 
20 stream or mixture flows through .the tubes while the heat 
transfer media flows over the tubes' exterior surfaces. 

The term ."tortuous" is used herein in the same sense as 
known in the art to refer to a heat exchange apparatus that 
has a plurality of mixing elements which comprise 
25 intersecting webs of interconnected tubes or conduit (with or 

without internal mixing elements) and wherein successive mix 
elements are positioned at some substantial offset angle 

(e.g. tubes with- a 90' bend) to each other thereby creating a 
. tortuous flow path for the product and the heat transfer 
30 .media. 

The term "nontortuous- .as used herein refers to a heat 
exchange apparatus that has a plurality of tubes or conduit 
wherein the tubes or conduit may have internal mixing 
elements and/or external surfaces comprised of mixing 
35 elements, however the tubes' or conduit are not positioned at 
any substantial offset angle (e.g. straight tubes) relative 
to each other. 

in certain systems, as described above, the flow loop 
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reactor includes at !east one heat exchange apparatus with 
. ontortuous tubular conduits as weU as . ^ 

exchange apparatus and th*> -t- i = 

<*na tne a t least one product outlet a 
pump or pumps may be in the <i™ i . OUCAet - A 

hoaf . ' . X the ilow lo °P or within one of the 

mo™™ aSPeCt Catal y", solvent, and 

™ r ^ lnjeCted tog«tb.r through one injector • 

In certain embodiments of the solution polymerization 
system, as described above * m ^ . . -^^zation 

finely .dispenses the moT' " ^ " hich 

7 ispe-ses the monomer into the flowing 

catalyst/solvent stream to insure that the reaction mixture 

::iid s c u a Tr tially sin9ie phase * ^™ e 

solid catalyst suspended therein t 

F«iaeo tnerem. i n one aspect, such a 
monomer feed <nieetor h» e = u. * 

reactor ^ ° dy P ositione d in the flowing 

reacto r stream and the body has a plurality of fluid flow 
Ports through which exit monomer feed (e.g. monomer, 
comonomer, tenainatdr, and solvent) flowing upstream 
-aeways, or downstrefim ^ ^ s ^ 
downstream flow is Dr pf P rrorf ,- However, 
that can lead to reLr substantial impingement 

xeaa to reactor instabilities 

e circul^T"' ^ ^ ° £ f « d «™ 

a lit \ Cr ! ES - SeCtlon as vi *™<> above.- in one aspect 

with I f Cr0 "-«« i °- *» ««l»r aspect a hoXlow body 

with multiple arms {e.g. 4 io or t» - » v . 

v. »i id or 12 arms) which each arm 

„ arri „ ltlons - Th «« injectors can be positioned in the 

* r :r t actors i^?™ ::™ther 

ere xn.ect.d ln to substantially the „hole cross-section o£ 

reacted ! C ° mblnatlC ' n ° f -Sredients „ a y be „i*ed ,„d/or 
reacted la . stlrring ^ ^ 

alternatively, internal to the flow loop 
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Two or more such reactor systems as described above 
.each with at least one heat exchange apparatus arranged in 
ser.es or in parallel or, for more than two reactors, in » y 
series/parallel combination, may be used according to the 
■ Present invention. Mu i tiple reactor systems may . 

multiple loop reactors or at least one loop reactor as a part ' 
of a multiple reactor system wherein the at least one other 
reactor is any known reactor type, such as, for example, an 
extruder, stirred tank or a plug-flow tube. ■ In such a 
multiple reactor system, different catalyst systems may be 
used m each reactor system; for example, but not limited to 
m a first reactor system, a constrained-geometry catalyst 
(as described in U.S. Patent No. 5,064,802) may be used and 
« a second reactor system, a heterogeneous Ziegler catalyst 
system (as described in U.S. Patent No. 4.314,912) may be 
used. Afferent catalysts may be used to produce polymer ' 
products with enhanced performance characteristics, e g 
improved toughness, dart impact, sealability , processability 
and heat resistivity as described in copending applications 
USSN OB/544.497, filed October '18, 199.5 and USSN 08/327 156 
filed October 21, 1994 . ' ' 

The solution polymerization system, as disclosed herein 
may employ: an olefin monomer (e.g. ethylene) feed in 
solution with a suitable paraffinic, isooaraf f inic, 
naphthoic, or aromatic hydrocarbon solvent such as, for 
example, toluene, cyclohexane,- hexane, .heptane, octane, 
nonane, isooctane, ethylbenzene, isopenta.ne, and the like 
One especially suitable hydrocarbon solvent is Isopar-E a C 
C„ hydrocarbon which is commercially- available from Exxon 8 
Corporation. 

In one aspect, solution polymerization systems, as 
described herein, are used to make polyethylene. The product 
polymer flowing from the product outlet includes desirable 
polyethylene polymer and some, other materials such as solvent 
and volatile components which are removed in downstream 
processing elements such as devolatilizers, horizontally 
agitated dryers, or devolatilizing extruders. m certain 
embodiments, sufficient pressures (i.e. in the range of 100 
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t« "0 p, ig . preferably in the range £rom <50 

y 475 psi9 and especiau * * 

M « in the reactor system to maintain the - 

re.ct.on mixture as a single phase or substantially singU 
» Phase solution and/or to conduct the process at lower 

r cycle ratros (e.g. recycle ratios less than ,„ . Re actor 
pressure may be controllea ^ ^ 

sample, a pressure control valve on the loop product outlet 
Une may he „ sed to ^ ^ 

Residence time- as used herein i s th , proC ess side 
reactor volume in gallons divided hy total reactor volumetric 

s used T ^ 9aUOnS P ^ minU " Mti ^-^io-tlme" 

divided b T " PrOC " S r " C " r in gallons 

> ( ■* * ■„ e residen == time in minutes 

= vrde by the circulation time in minutes. .Volumetric heat 
removal rate- as used herein is the process heat transfer 
coefficient. 0 . in Btu,hour.aquare foof'F. multiplied by the 
heat exchange area. A, in square feet, of the heat exchange 
ppara us. divided by the total reactor system volume, in ' 

hou d bT' ^ ° f ° rdi " ary SkU1 " iU there 
should be consxstency respecting whether process side or 

outside parameters are used as to u and surface area 
causations and determinations. The calculations contained 
here™ are based on the outside surface areas and outside 

me era of heat exchange tubes, coils, etc. whether or not 
the reactor mature flows through such tubes, coils, etc. or 

certain solution polymerization systems according to the 
present mention have a volumetric heat removal rate 
generally equal to or greater than es Btu/hour-cubic foot-F 
preferably equal to or greater than 150 Etu/hour-cubic 
foot.-F, more preferably equal to or greater than 350 
Etu/hour-cubic foot-F. and in certain embodiments, equal to 
or greater than ,00 Btu,hour.=ubic foot-F. especiaHy equal 
to or greater than 600 Btu/hour-cubic foofF, more especially 

to or greater than 1.200 Btu/hour-cubic foofF and most 
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especially equal to or greater than 2,000 Br, hour-. ic 
foof°F. 

Also, certain solution polymerization systems a,c. j< no " 
to the present invention have a reactor size greater tha/ 
cubic meter, preferably greater than or equal to 3 cubic" " 
meters, more preferably greater than or equal to 10 cubic 
meters, and most preferably greater than or equal to 12 cubic 
meters and as high as 50 cubic meters. 

• One broad aspect of the present invention is a non- 
adiabatic solution polymerization system and process for 
making an olefin polymer having at least one olefin monomer 
By the term "non-adiabatic". it is meant that the novel 
solution polymerization system and process is characterized 
a. having a volumetric heat removal rate of greater than or 
equal to 1 Btu/hour-cubic foot-T as related to the heat of ' ■ 
reaction or polymerization for the olefin polymer. 

In one aspect, polymer concentration in the reactor is 
such that a desirable product polymer is produced with the . 
process conducted at a recycle ratio of less than 80, 
preferably less than 25. more preferably less than 15, 
especially less than 10 and most especially less than 5. m 
certain systems and processes of the invention, the recycle 
ratio is greater than or equal to zero, i.e., the system or 
process is essentially a plug- flow polymerization system or 
25 process. With the lower recycle ratios oossible with the 
.... Present invention, reactor stability is increased and the 
flow loop temperature gradient and monomer concentration ■ 
gradients are narrowed such that the molecular weight 
distribution and the compositional homogeneity of the polymer 
product are not adversely affected. 

The novel solution polymerization systems and processes 
of the present invention are further characterized as having 
flow loop temperature gradients or spreads- less than 100 °c. 
especially less than 50 °C and most especially less than 20 «C 
35 and, in certain embodiments, surprisingly, even less than 5°C. 
. Similar to the characteristic low recycle ratios, the low 
flow loop temperature gradients of the present invention help 
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insure the molecular weight distribution and the 
compositional homogeneity of the polymer product ere not 
adversely affected. 

In certain systems and processes according to the 
■- Present invention, the reactor streams flow J, 

substantially laminar manner as opposed to in a substantia 

can b r ner ' ^ ™ aSPS "' ^ -t~- ow " 

can be within the transitional regime between substantially 
turbulent flow and substantially laminar flow. „owev" * 
» preferably, the reactor flows are characterized by a 

Keynolcs number of at most 2.2m, in certain embodiments 

nul T S " eam " OW " "y * Heynold.s 

number of at most 2.000, and in other embodiment^ the 
reactor stream flow is characterized by a Reynold's number ' 
ranging between 0.0! to 2. 000. In certain particular 
processes and systems for making ethylene polymers according 
to the present invention, the Reynold's number for the 
reactor stream ranges between 0.0 5 to S00. I„ such processes 

TrZ S T "r^" 3 C ° "» read 

stream flow velocity i„ the flow loop generally ranges 

be ween 0.0! foot/second to 2S feet/second and preferably 
less than 10 feet/second and in certain aspects ranges 
between 0.0! foot /second to , feet/second and in specific 
processes and systems ranges between O.i foot/second to , 
^e second and especially between 2 feet/second to 7 
feet/second. . 

hioh nJ"" 0 ^ ' C<:0lii ^ P««nt invention with 

high polymer concentrations is. desirable, since less 
^stream processing devolatilization, is required 

I " " -d lower heat history 

Although, as i„ any polymerization system, higher polymer 
concentrates are limited by polymer' molecular weight eed 
and reactor ethylene solubility, loop reactor pressure 
mits. and solution viscosities, the present Invention 

stream - °° * " M *« ' 

stream poiymer concentrations by effectively removing the 

he, of reaction or polymerization via heat transfer media 
rather than by previous practices such as adding addit o ai 
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solvent to the system. 

The reaction stream of the present invention is also' 
characterized by low viscosities, although polymer 
concentrations are higher and reactor stream viscosities are 
considered to be "steeply increasingly" as the term has been 
used in the art (see, for example, Chemical . 
PrOCeSElng ' Nove ^r isbs). That is, the reaction stream 
undergoes a step-change from the monomer inlet to the oroduct 
outlet in that the reaction stream increases in viscosity 
from 1 centipoise. at the monomer inlet to no more than 
200,000 centipoise, preferably to no more than 50,000 
centipoise, more preferably to no more than 10.000 centipoise 
and most preferably to no more than 5,000 centipoise at the 
product outlet. During this step-change, although there may 
be some portion of the system or process that is essentially 
adiabatic, polymerization and total heat removal are 
continuous and simultaneous. 

In the production of olefin polymers (and especially 
ethylene polymers) in accordance with the present invention 
monomer-rich cold spot regions within the solution - 
polymerization system are minimized or eliminated; heat is 
removed efficiently to allow the decoupling of reactor 
polymer concentration and reactor temperature; process 
parameters (e.g. temperature, pressure, residence time, flow 
rates, and pump speed) are controlled and effective mixing of 
reactants is achieved so that a single solution phase is 
maintained or substantially maintained and the presence of a 
distinct vapor phase within the reaction stream is avoided; 
and a product polymer production rate per unit volume per 
hour of at least 0.7 pounds per hour per gallon of reactor 
volume is achieved, with at least five pounds per hour per- 
gallon of reactor volume preferred, at least twelve pounds 
per hour per gallon of reactor volume more preferred, and at 
least fifteen pounds per hour per gallon of reactor volume 
most preferred. 

Multiple feed injection, i.e. injecting catalyst, 
monomer, comonomer and/or terminator at different points 
(e.g. catalyst and monomer each at a plurality of points. 
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catalyst above monomer or vice vers- -l* 

earaWr j versa, alternating multiple 

catalyst and monomer inierHr,r, ■ 
senara ^ f ■ ln3ectlon Points, or injecting monomer 

separate from comonomer iniecrinm ,• ^ * , 

- -• x «jection) , is preferred in certain 

embodiments since such tends ro a* . ce rta ln 

5 different^ • ^crease the temperature 

ai^rerential ana monomer concents m «« 

reactor stream. ' on "nt.a ti0 n differential in the 

sincieV" SyStem Pr ° dUCin S « ethylene polymer, a . 
ng e oop reactor system (loop reactor as described herein) 

o 111 T t0t£l Pr ° CeSS ■ ld -vol«. P-duces up to 2 0 
pounds per hour of product polymer with a polymer 
concentration in the loop reactor system of 2 „ by weight 
(Wed on the total weight of the reactor stream)" a 

r; i:; e tlne in ■ the ^ ""tor system of „ minutes and . 
an average pumping rate of 20 gallons of reactor stream 
contents per minute in the loop reactor system. The loop 
reactor system achieved a 4 . s pounds of polymer production 
Per hour per gallon of reactor volume. Recycle ratio for th e 

L re r°: syscem was ? - 3 - in • 

heater may be used to heat polymer solution conveyed from the 
oop reactor. Solution thus heated has solvent removed ' 
the r e f e . g . the solution £- ^ 

svs t / he , PreSent inVenti ° n d "^oses, in certain embodiments 

o :: no the concinuous ° r batch 

of a mon „ a react . on ^ a ^^^^ 

r c" 5 If S ° 1Vent -' S ° 1Vent into th 

ZT1VT syscem havin9 a flow loop 

navmg at least one product outlet- =^ i ~ 
■inw ^ outlet, at least one catalyst 

thr„ "oncer inlet on the" flew loop 

through which monomer flows i„„ - k . , P 

„ . u s lnto che £ lo» loop and. forming a 

-eact>on stream w a th catalyst and the solvent, heat exchange 

PParatus on the flow loop which receives the reaction stream 
a.d polymer formed therein. and removes heat of reaction or 

o ^tation from the flow loop. pu , p apparacus fo / p ° ° 

* !miM St " ai " ™* around the flow loop, and 

also an certain aspect, from the heat exchange apnar tuTto 
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the product outlet.- such a system wherein the heac exchange 
apparatus „ a f irEt heat exchanger> ^ ^ 

' he3t — Sf - fl-. and a polity of sta * 

-xer heat exchange tubes through which the reactor stream • 

' : 0 ?: it fl °: the resctor st - am ^ - 

*ro» the first heat exchanger into the flow loop for further 
movent therethrough; such a system with at. least one 
•dditxon.1 heat exchanger on the flow loop for receiving 
reactor stream and poller and for reding heat of reaction 
or polymerization from the reactor stream with ^ 
apparatus pumping the reactor stream and polymer to the 
product outlet, a portion of the polymer and reactor stream 
flowing out from. the product outlet and a portion of the . 
reactor stream and polymer recycling through the flow loop- 
-ch a system with the at least one monomer inlet positioned 

he heat exchange apparatus is a first heat exchanger and at 
least one additional heat exchanger and one catalyst inlet 
and one monomer inlet above the first heat exchanger, the 
pump apparatus for pumping the reactor stream and polymer 
from the first heat exchanger to the at least one additional - 
heat exchanger;, such a system with at least one static mixer 
deposed in the flow loop between the at least one catalyst 
inlet and the at least one monomer inlet for mixing materials 
flowing into the flow loop; such a system with at least 
static .mixer disposed in the flow loop between the at least 
one monomer inlet and the heat exchange apparatus for mixing 
the reactor stream; such a system with at least one monomer 
sector in the flow loop in fluid communication with the at 
-east one monomer inlet so that monomer and solvent flow into 
the flow loop through the at least one monomer injector,- such 
a system wherein the at least one monomer injector is a 
hollow body with a hollow inlet and a plurality of spaced- 
apart hollow arms in fluid communication with the hollow 
^let, each of the plurality of hollow arms having a 
Plurality of spaced-apart fluid exit ports through which 
monomer flows into the flow loop; such a system in which the 
least one. monomer inlet is be low the at least one catalyst 
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- flB . loep through che e t \i::: e r r;rL™ r° 

5 system with at least one cat.lvcr • • ° h a 

in «uid c^ mication ; ; t r t ":::r r in the fiow ioop 

s= that the at w- e catal rSt inlet 

100P i; t h e z:t and soivent fi °- ^ «» 

system wherein the « least ""^ injeCt ° r; SUCh a 

» with a solvent inlet a ""^ ha = a ^ 

in fluid solvent flows 

Port through which the I lea r lnUt ' ' ""^ ' 

into the „Ln s ^^and ™ «'*™ is increase ' 

«~d at least one catl^ anTsc] *T* ^ «~ «» ' ' 
•uch a system wherein rea^r °" "~ l0 ° P; 

maintained substantial^ . " " f ™ d P ° ll ™ r « 
syste. vherein the flow l" \ S ° 1Uti ° n; such ■ 

Polymer is produced " a raTe o" «?" ^ 

gallon of flow lo , p vci um e „ \ ' ^ ^ 
P« gallon of flow loop' £ 

P=r gallon of flow loop volume or IT P " ° Ur 

Pounds per hour per gaUon of fl ' ' ™" ° £ " ^ 15 
herein polymer ?, pr ^ Led with ' ™ eh ' 

™. less than 25. less tL„ Z , " ° £ U " 

heater than or oL t^Lo T 5 » 

Po^er is an ethane pol^.^ h'a^"" " he " in 
least one catalyst is a metln ' SyS " m " herei " Che « 

heterogeneous Jegler coorL n tT"' » 
system wherein . f r .-? ,0rdu » t "» catalyst system; such a 

« leastti 1 :: rt:r::~ is in — ™ - 

ti"e is eoual to or less than 12 o ^ erei " 

e,ual to or Uss than ^ c^™"'' ^ 

-bodies, eoual to or less thanln • ^ Pr6£erred 

^al to or less than „ „ " t .s "„ " lnU " S ' 

less than 6 .s ai „utes a „ d ' a " «P.«.»y to or 

with two or .ore flow loop reactors T ' 3 ^ 

series or in parallel o- i °"' " Ascribed herein. i„ 

•ooording to Lis i enti n" ITT^ ' 

n USe the systems disclosed herein. 
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*t is, therefore, an ob'i*»^r -* i 

' ocjecc of at least certain 
preferred embodiments of i-fc* - 

oaiments 0i the present invention to provide 

new. useful, unique, efficient, nonobvious systems and 
processes for exothermic solution polymerization and. in one 
-pect. such systems and processes for making ethylene 
pollers such as, for example, but not limited to 
ethylene/styrene copolymers, ethylene/propylene 
.nterpolymers, heteroceneously branched ethylene/alpha olefin 
copolymers (e.g. heterogeneously branched linear low density 
polyethylene (LLDPE) ) . high density polyethylene (HDPE) 
homogeneously branched linear ethylene/alpha olefin ' 
copolymers and homogeneously branched substantially linear 
ethylene/alpha olefin polymers. 

Certain- embodiments of this invention are not limited to 
any particular individual feature disclosed herein, but 
include combinations of them distinguished from the prior art 
in their structures and functions. Features of the invention 
have been broadly described so that the detailed descriptions 
that follow may be better understood, and in order that the 
contributions of this invention to the arts may be better 
appreciated. There are, of course, additional aspects of the 
invention described below and which may be included in the 
sublet matter of the claims to this invention. Those 
skilled in the art who have the benefit of this invention 
its teachings, and suggestions will appreciate that the 
conceptions of this disclosure may. be used as a creative ■ " 
basis for designing other structures, methods and systems for 
carrying out and practicing the present invention. The " 
claims of this invention are to be read to include any 
legally equivalent devices or methods which do not depart 
from the spirit and scope of the present invention. 

The present invention recognizes and addresses the 
previously- mentioned o5ject and long _ felt ^ ^ , provides & 
solution to such in its various possible embodiments and 
equivalents thereof. To one of skill in this art who has the 
benefits of this inve- , ion's realizations, teachings, 
disclosures, and suggestions, other purposes and advantages 
will be appreciated from the following description of 
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preferred embodiments, given for m,. 

when ta> P n ■ • 6 P ur P° se of disclosure, 

wnen taken in con-junction with ck- » . 

j ucion with the accompanyino draw-inas ' 
However, the detail in these desc-.Mnnc < • 
limit the invention. •. QeSCriP " iOI1S is not "tended to 

5 in ^• m ° re PartiCUlar desc Option of embodiments of the 

to 10 l b : iefly £Ummari2ed — «y ^ had by re e e ces " 

er ta n f ^se drawings illustrate 

certain preferreo embodiments and are not to be used to 
-Properly limit che scope Qf ^ ^ ° 

other equally effecrivo ^ ^ y e 

qu -y effective or l ega i ly equivalent embodiments ■ 

prss 3 " " " b0tC ° n Vie " ° f M -«'«n 9 to th. 

present invention. Fig 3B i fi an ■ * 

F ig . 3A _ 5 38 18 an end View of the injector of . 

Fig- 4 is a schematic view nf a c^-i..-- 
svst-^m a r.« solution polymerization 

system according to the present . invention. 

Fig. 5 is a schematic view of a o^l.^j 
svsrp f a sol ution polymerization 

system according to the present invention. 

Fig. € is a schematic view of = e ~i„«.< 

system according to the present Lventl ^ 

wJlT 1 PlOC ° f V ° Wtric removal rates (in . 

so lu ion fUnCti ° n ° f ^ cubic meters) for 

solution polymerization systems according to the present 
invention and known polarization systeL 

Per ho'ur'a! a'V plot " of .P^»«ion rate in pounds 

TentilT nCtl ° n ° f Pr ° dUCt densit V <in grams per cubic 

s " C ° mParinS ^ P — caoability of a 

solution polymerization system of th. n ■ * 

conventional adiabatic soLtil L lnV6nti ° n 3 

C solutl °n Polymerization system. 

^ *niec 14, a monomer inlet u _ 

outlet 18. catalyst anH i Pr ° aUCt P ° lyn,er 

^taiysc and solvent enfpr 

catalyst inlet 14 i n 6 SyStem thro «9h the 

14. m one p referred embodiment catalystand 
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solvent are mixed and continuously injected with a dual 

viscosity mixer 20. e.g. as shown in U.S. Patent Nos. & 
4.616.937; 4,753.535 and 4.606.007. The catalyst and solvent 
mix to form a mixture with solid catalyst suspended therein 
or to form a solution of the catalyst and solvent. The 
mixture or solution then flows down in the loop 12 to a point ' 
of monomer introduction at the monomer inlet 16 m another 
aspect catalyst is continuously introduced below the monomer 
injection point. The resulting mixture or solution flows s 
a reactor stream through the system 10 with polymer forming 
therein producing heat of reaction or polymerization. 

In certain aspects, further mixing of catalyst and 

solvent -into the reactor stream is accomplished in a mixer 

22, e.g. stirrer or agitator or a commercially available 

static mixer such as those of Komax Systems, Inc.; Husky 

Injection Molding Systems, Ltd. .- KMX, KM. and HEV Kenics 

mixers of Chemineer. Inc.; SMV, SMVL, SMX, SMXL, SMXL-B, 

SMXL-R, SMR and SMF mixers of Koch-Sulzer, Inc.; and LPP, 

LLPD, and LSG mixers of Ross Engineering, Inc. 

A mixture of monomer, comonomer(s) and solvent and, if 

desired, a terminating agent (e.g. hydrogen) enters the flow 

loop 12 at the monomer inlet 16. For enhanced mixing of 

monomer, catalyst, solvent and other ingredients, the monomer 

and solvent are, in certain embodiments, continuously 

injected into the flowing reactor stream flowing from the 

static mixer 22. Monomer alone may be separately injected. 

Terminator(s) may be injected alone or with monomer or 

comonomer or with catalyst. Any suitable known injector may 

be used for these purposes. In one aspect, an injector' 70 

according to the present invention as shown in Figs. 3A and 

33 is used. The injector 70 has a hollow body with four 

hollow arms 71, 72, 73, 74 each with a plurality of spaced- 

apart fluid exit ports' 76. The injector 70 may be at any 

angle in the flow loop 12, e.g., but not limited to, with 

exit ports disposed so that monomer flows upstream, 
downstream, sideways or in any other desired direction. T.-- 

fluid exit ports themselves may also be formed so that 
monomer exits from the injector in a desired direction. 
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Preferably monomer is injected *n 

catalyst ana/or monon , er „ ay be ^ 
5 at Desired additional points. p 12 

The resulting l iqu id reactor streaB „ Uh 
solvent, monomer a „ d other lagr-1 Jf ^- 

n c :it n °- ^ - « • >»« 

J-n certain embodiments, a mechanic 
10 mixer anrt " mechanical mixer, a mechanical 

rirst heat exchanqer 3 0 
transfer media flows inr^ = u at 
hows into a housing 31 of the fir** h**+ 

» 'a 'us d" r^T' "° nt0rtU ° US tUtUlar 

scale of L 9 ' " '" 0re and de P e °Si"9 on the 

scale of the system, preferably forty or more and in certain 
mbodrments at commercial production scale between one 

■ catalyst inlet M Jtl 

PC vmerization reaction proceeds throughout loop 12 with 

reactor" P ° ly " er *" d P«Uo of the 

stre „ f a " UiCh the ™^ d " - the reac or 

stream flowrng past the product outlet 1S bacfc through the 

the f.rst heat exchanger and up the flow loop 12 eo „ 
optional seccnd heat exchanger (lik . the ^ 

changer 30, which has a housing S1 . an inlet 
5B. a heat transfer media inlet 52 k outlet 

outlet 54 3 heat Cra "s£er media 

iet 54 • °ne or more additional >,*, = ,- 
used in ^ *, , lonal heat exchangers may be 

used m the flow loop 12 a 

"P a^. A pressure control valve for 
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controlling pressure may be used on the- flow loop" outlet 18 
The pump 40 itself may be used to further enhance mixino of * 
the ingredient.. of the reaction stream flowing through It 
A mechanical stirrer or agitator for catalyst and/o- 
monomer may be used in addition to or in place of any or\n 
of the static mixers. • 

Referring now to Fig. 2, a solution polymerization" 
system 100 according to the present invention has a flow l oop 
101 (which constitutes a flow loop reactor) with a catalyst 
inlet 197, two monomer inlets 170 and 172 and a product 
polymer outlet 173. Product polymer and a portion of 
reactant stream from the flow loop 101 product polymer outlet 
173 enter a second flow loop 102. via a line 195.' The second 
flow loop 102 (which constitutes a flow loop reactor) has a 
catalyst inlet 177, two monomer inlets 191 and 192, an inlet 
196, and a product polymer outlet 179. 

Catalyst and solvent continuously enter the first flow 
loop 101 through the catalyst inlet 197. m one preferred 
embodiment catalyst and solvent are mixed and continuously 
« 3 ected with a dual viscosity injector 109. The catalyst 
and solvent mix to form a mixture with solid catalyst 
suspended therein or the catalyst goes into solution in the 
solvent. A reactor stream flows down in the loop 101 to a 
statxc mixer 110 which mixes the reactor stream, solvent, and 
catalyst. The stream continues downstream in a line 1B7 into 
a shell-and-tube heat exchanger 104 with a shell 198 and 
internal heat exchange tubes (not shown). The heat of 
reaction or polymerization of the ".tree* is partially removed 
by water cooling media entering the shell 198 in a line 171 
and exiting in a line 107. . The cooled stream exits the 
exchanger 104 via a line 174 and flows downstream . to a feed 
injector 106 at a point of continuous monomer introduction at 
the monomer inlet 172. m certain aspects further mixing f 
catalyst and solvent into the reactor stream is accomplished 
m a mixer 105, e.g. a commercially available static mixer. 

A pump us pumps the reactant materials and polymer 
around the flow loop 101. The flowing reactor stream from 
-he pump us flows into a heat exchanger 103 where more of 
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ZLTl ?■ reacti °" ° r p ° lymer i2at "" - bx th. ■ 

exiting m a line 190 tk c - n 

' reactor stream flows P ° ls '- r forBin S " "» 

e lows to a proouct outlet 173. m , 

continuous system, some of th e matsrlal in the . 

lows continuously past the product outlet 1,3 and til 
throu 9 the loop. A pressure control valve 202 for 
controlling, pressure may be used on , 

» : - T e of ra » r , L^:*:*::zt;zrT i73 - 

! 'It ^h; r^"— ' continuously enter the low loop 

™ a„a ^^rr^ 0 ^ -" ?rediMcs - th8 

» ^ ^cted into the f , ils re^^tr^tr::::^^ 

catalyst C °"«P^-9 —.r . Rector 111 and the 

-talyst Rector 10. and a static mixer 105 is used between 

the monomer inlet 172 =nr* ecween 
ec . i/ ^ an a the pump 115. 

In the second fl ow loon in -a 
from an injector i 2t to a sTa ti c' """'^ "°" 

Hne 186 to a first h«t "h the " thr ° U3h » 

IPs 1, • • the flow lo °P 101 at the inlet 

(an Rector may b, used at the inlet 196, 

,ixe r 2 V tre r £1 ° WS fr ° m the to a static 

Ion ' €n PaSt 3 ^"or 130 at which 

monomer and solvent are iniected in , • 

stream. The resultino 192 into the flow 

th. v, resul tmg reactor stream then flows to and 

through a static mixer 131 andin, v 

Th~ ln a lln e 178 to a DumD i 

The pump 134 pumps the reacts * ■ P 
180 tr> , , "actant materials stream in a line 

1 \ a r:r: i r;;:rr 122 - a haat 

»2 in throui „e 2 ^ and r ° U9h °" ^ 

Keactant materials a„ d 7 °" ' Um 206 ' 

cutlet Une 21 , , ""^ tle " ** * »> P«t » 

210. A valve 213 controls pressure in the 
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system. 

In the continuous system or process according to the ' 
invention, a portion of formed polymer and reactor stream 
exit the system in the line 210 and remaining portions 
continue on in a line 211 past the injector 126. 

Fig. 4 shows solution polymerisation system 300. which 
comprises at least two loop reactors, as previously 
aescnbed, in a parallel configuration (in contrast to Fig 2 
which shows solution polymerization system 100 which 
comprises at least two loop reactors configured in series) 
For solution polymerization system 300, separate reactor 
streams and separate portions of polymer product flow from 

the at least two product outlet c ■ i a -i«t-~ 

r outlets 18 into a common outlet line 

Referring now to Fig. 5 , a solution polymerization 
system 400, according to the present invention, has a flow 
loop 412 with a catalyst inlet 414, a monomer inlet 416 and a 
product polymer outlet 418. A mixture of monomer, 
comonomer(s) and solvent and, if desired, a terminating agent 
(e.g. hydrogen) enters the flow loop 412 at the monomer inlet 
416. Monomer alone may be separately injected. Any suitable 
known injector may be used for this purpose. The injector 
may be at any angle in the flow loop 412, for example, but 
not limited. to, with exit ports disposed so that monomer 
flows upstream, downstream, sideways or in any other desired 
direction. The fluid exit ports themselves may also be 
formed so that monomer exits from the injector in a desired 
direction. Preferably monomer is injected so that a large 
area of the total flow area receives monomer, more preferably 
at least thirty percent of the total cross-sectional reactor ■ 
flow area. Catalyst and/or monomer may be injected into the 
flow loop 412 at desired additional points. 

Catalyst and solvent enter the system through the 
catalyst inlet 414. m one preferred embodiment, catalyst 
and solvent are mixed and continuously injected with a dual' 
viscosity mixer, e.g. as shown in U.S. Patent Nos. 4.616 937- 
4.753.535 and .4 , 806 , 007 . The catalyst and solvent mix to 
form a mixture with solid catalyst suspe nded therein or to 
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ton, a solution of the catalyst and solvent .. The resulting 
mature ox solution of catalyst, monomer, solvent," reactor ' 
stream and terminating agent, if needed, flows as a reactor 
stream through the system 400 with poller forming there „ 
.< prooucng heat of reaction or polymerization. 

The resulting liouid reactor stream with catalyst 

the flow loop 412 into the pump ,40. From the' pump the stream 
ows around the flow loop 41, to a product outlet „ . T 
.» Polymer.zat.cn reaction proceeds throughout flow loop „2 
-th polymer forming as the reactant materia!* flow to the 
produ Ct outlet „. at which some product polymer and portion 
of the reactor stream are removed with the remainder of the ■ 
reactor stream flowing past the producc ^ - ■ 

■ through the loop. The remaining. reactor stream that does not 
eave the outlet 4 18 flows in to the heat exchange apparatu 
430. The reactor stream and formed polymer resulting from 

20 out It k 6 " Se throu * an inlet 43, and 

cut through an outlet 43 8 and then (by gravity a„d/or by 
pum pl „g action, from the monomer inlet ,16 to the housing 
outlet 438 one or more additional heat exchange apparat!s 
-y b. used xn the flow loop 4 12 . A pressure control valve 

'S IT," "he' 9 Pr " SUre ^ ^ USCd » th ' «~ 

^ L in9redients ° f ^ 

A mechanical stirrer or agitator for catalyst and/or 
monomer may be used for s.^*.- , 
30 -p pf( , additional system mixing if required. 

svstJ ^ ^ Fi9> 6 ' 3 S ° 1Ution PO^eri 2a tion 

system 500 accordino m 

512 with , i P ' "vention has a flow loop 

312 with a catalyst in1<=^ en H 
usiysc miet 514, a monomer inlet 516 and a 

product polymer outlet 518 A mi sen,™ «f 

° • A mixture of monomer, 

comonomer.s, and solvent and, if desired, a terminating agent 

6 M o "! en " rS "~ l0 ° P 512 " »» ~ ^ 

" „n * * SeParate1 ^ *»* -"able 

* own sector may be used for this purpose. The injector 
-/ be at any angle iri the £low loop > 
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limited to, with exit ports disposed so that monomer flows 
upstream, downstream, sideways or in any other desired ' 
airection. The fluid exit, ports themselves may also be 
forced so that monomer exits from the injector in a desired 
direction. Preferably, monomer is injected so that a large 
area of the total flow area receives monomer/ preferably at ' 
least thirty percent of the total cross-sectional reactor 
flow area. Catalyst and/or monomer may be injected into the 
flow loop 512 at desired additional points. 

Catalyst and solvent enter the system through the ' 
catalyst inlet. 514. i„ one preferred embodiment, catalyst 
and solvent are mixed and continuously injected with a dual 
viscosity mixer, e.g. as. shown in U.S. Patent Nos". 4,616 937- 
4,753,535 and 4,608,007. The catalyst and solvent mix to ' 
form a mixture with solid catalyst suspended therein or to ' • 
form a solution of the catalyst and solvent.- The resulting 
mixture or solution of catalyst, monomer, solvent, reactor 
stream and terminating agent, if needed, flows as a reactor 
stream through the system 500 with polymer forming therein 
producing heat of reaction or polymerization. 

The resulting liquid reactor stream with catalyst, 
solvent, monomer and other ingredients, if present, flows ia 
the flow loop 512 into the pump 540 which pumps the reactant 
materials and polymer from the first heat exchange apparatus 
530 and up the flow loop 512 to a second heat exchanger 550 
which has a housing 551, an inlet 557. an outlet 558, a heat 
transfer media inlet 552 and a heat transfer media outlet 
554 . One or more additional heat exchangers may be used in 
the flow loop 512. From the pump the .stream flows around the 
system 12 to a product outlet 518. The polymerization 
reaction proceeds throughout loop 512- with polymer forming as 
tne reactant mate: is fi ow to the product outlet 518 at 
which some product olymer and portion of the reactor stream 
are removed with t,.« remainder of the reactor stream flowing 
past the product outlet 518 back through the loop. The 
remaining reactor stream that does not leave the outlet 518 
flows into the heat exchange apparatus 530. The reacto^ 
stream and formed polymer resulting from the reaction therein 
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of Che reactants flows into the housing 531 through an inlet 
537 and out through an outlet 538 and then - ,ny gravity and/or 

outlet S eat transfer media enters the inlet 53< and heat 

transfer medie exits the outlet S3 6 . A pressure control- 
valve for controlling pressure may be used on the flow loop 
outlet 5 18 . The pu„ P M0 itself ma y be used to further 
enhance mixing of the ingredients of the reaction stream 
flowing through it. 

A mechanical stirrer or agitator for catalyst and/or 
monomer may be used for a(3rfii-i n .,i 

Suif " : addl taonal system mixing if required. 

Suitable catalysts for use in the present invention may 
be any known olefin polymerization catalyst or catalyst 
system, including, so-called homogeneous and heterogeneous 
catalysts and/or catalyst systems. In one aspect of the ' 
present invention, one catalyst system is employed in the loco 
reactor system although it may introduced at a plurality o ? 

pi! "f 1 t°: P ° intS thr ° U9hOUt ^ r — - -ther 

aspect of the .nventxon, in a Multiple loop reactor system in 

ser.es or ln parallel configuration, one or more catalyst 

syst ems are employed, in at least two different loop reactors 

uch a, for example, in a two loop reactor system one a p ct 

of the present invention employs at least one homogeneous 

catalyst system in the first loop reactor and at least one 

heterogeneous catalyst system in the second loop reactor or a 

£r.c homogeneous catalyst system (or, alternatively, a f irst 

he erog eneous catalyst systems) in the first loop rLctor an 

econo homogeneous.cacalyst sy.stem (or, alternatively, a 

second heterogeneous, catalyst systems) in the second loop 



are d kT 8ySteM for use in th * invention 

are d screed, for example, in EP- A -o 277 003,- EP-A-0 277 004 • 

BP-A-0 420 43S; PCT Internationa! Publications WO 91/04257 * 
92/0 333; WO S3/0B22!; £nd W0 93/oei59> ^ ^ J W ° 

' 'IL 2 '' 4 ' 076 ' 69B; 4 ' 612 ' 300; 4 ' 937 ' 259 '- 

5,055,438; and 5,064,802. 
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Suitable homogeneous catalyst components for' use in the 
present invention may be derivatives of any transition metal 
including Lanthanides, - but .preferably of Grouo 3, < or 
Lanthanide metals which are in the +2 . +3f or" + 4 formal 
oxidation state. Preferred compounds include metal comolexes 
containing from 1 to 3 n-bonded anionic or neutral ligand 
groups, which may be cyclic or non-cyclic delocalized ^bonded 
anionic ligand groups. Exemplary of such n-bonded anionic 
ligand groups are conjugated or nonconjugated, cyclic or non- 
cyclic dienyl groups, allyl groups, and arene groups. 3y the 
term "n-bonded" is meant that the ligand group is bonded to 
the transition metal by means of a n bond. 

Examples of suitable anionic, delocalized. n-bonded groups 
include cyclopentadienyl, indenyl , fluorenyl, 
tetrahydroindenyl, tetrahydrof luorenyl , octahydrof luorenyl , 
pentadienyl, cyclohexadienyl , dihydroanthracenyl, 
hexahydroanthracenyl, and decahydro-anthracenyl groups, as. 
well as c^. hydrocarbyl- substituted or C>. !0 hydrocarbyl- 
substituted silyl substituted derivatives thereof. Preferred 
anionic delocalized Jt- bonded groups are cyclopentadienyl, 
pentamethylcyclopentadienyl , tetramethylcyclopentadienyl , 
tetra-methylsilylcyclopentadienyl, indenyl, 2,3- 
dimethyl indenyl, fluorenyl, 2 -methylindenyl , 2-methyl-4- 
phenylindenyl, tetrahydro-f luorenyl . octahydrof luorenyl. and 
25 tetrahydroindenyl . 

Examples of the complexes containing two L groups are 
compounds corresponding to the formula: 



20 
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wherein: 

or " 18 - titaniuB '- ^rconium or hafnium, preferably zirconium 
or hafnium, m the +2 or +4 formal oxidstion . 



R } 



in each occurrence independently is selected from the 
* Sroup casting of hydrogen, hydrocarbyl, , ge ^ 

combinations thereof, said R > having up to 20 ^.^J^ 
atoms, or adjacent R 3 groups together form a divalent 
derivative thereby forming a fused ring system> and 

X" independently each occurrence is an anionic ligand 
group of up to 40 non-hydrogen atoms, or two X" groups 
together form a divalent aninmv i; 

hvri anionic ligand group of up to 40 non- 

hydrogen atoms or together a « = n 

together are a conjugated diene having, from 

to 30 non-hydrogen atoms forming a ^-complex with M . 

whereupon M is in the +2 formal oxidation state, and for the- 
formula (ERVx E is silicon , ^ ^ th. 

ndependently each occurrence is hydrogen or a group selected 
rom s lyi. hydrocarbyl, hydrocarbyloxy and combinations 

thereof said R* having up to 30 carbon or silicon ato»s, and 

x is l to 8. are as previously defined. 

The foregoing metal complexes are especially suited for- 
the preparation of polyps having stereoregular molecular 
structure, m such capacity it is preferred that the complex 
Possesses C s symmetry or possesses a chiral, stereorigid 
structure. Examples of the first type are compounds 
possessing different delocalized n-bonded systems, such as 

systems based on Ti(lV) or Zr(lV) were disclosed for 
Preparation of syndiotactic olefin polymers in Ewen. et al 

f-^h^s^ no. 62 s5- 62 se ( 1980) . Examples of chira ; 

str ud£ rac bis . indenyl compiexes> P simuar 

systems based on Ti(IV, or Zr(IV) were disclosed for 

preparation of isotactic olefin 

>.«tic olefin polymers in Wild et al j 

Sraanomer rh^m , 232( 233 -47, ( 1982) . ' 

Exemplary bridged li gands containing two n-bonded groups 

bCim t rr Ch ^ Silyl " biS (CyCl °^ adi -yl> > • (di^ethylsilyl- 
bis(methylcyclopentadienyl)), (dimethylsilyl - 
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biXethylcyclopentadieny!),, (dimethylsilyl-bis (t- " 
butylcyclopentadienyl) ) , (dimethylsilyl- 
bis<tetramethylcyclopentadienyl)) ( (dimethylsilyl - 
bis (iadenyl) ) , (dimethylsiiyl-bis (tetrahydroindenyl) ) 
(dime t hylsilyl-bi S (fluorenyl)) ( (dimethylsilyl. 
bis (tetrahydrof luorenyl)). (di m ethylsilyi- b i s (2-methyl-4- 
Phenylindenyl) ) . (dimethylsilyl-bis (2-methylindenyl) ) ■■ 
(d^ethylsilyl-cyclopentadienyl-fluorenyl) , (dimethylsilyl- 
cyclopentadienyl-octahydrof luorenyl) , (dimethylsilyl- 
cyclopentadienyl-tetrahydrofluorenyl, , (1. 1, 2, 2-tetramethyl - 
l. 2-aisalyl-bis-cyclopentadienyl) , (i, 2 - 
bis(cyclopentadienyl) ethane, and (isopropylidene- 
cyclopent adienyl - f luorenyl ). . 

Preferred X" groups are selected from hydride, 
hydrocarbyl, silyl, germyl . halohydrocarbyl . halosilyl, 
silylhydrocarbyl and aminohydrocarbyl groups ,• or two x- groups 
together for™ a divalent derivative of a conjugated diene or 
else together they form a neutral, ^-bonded, conjugated diene 
Most preferred X- groups are Cl . 20 hydrocarbyl groups. 

A suitable class of complexes are transition metal 
complexes corresponding to the formula: 
L^MXmX'nX-p, or a dimer thereof 

wherein : 

L is an anionic, delocalized, n-bonded group that is 
bound to M, containing up to 50 non-hydrogen atoms, optionally 
two L groups may be. joined together forming a bridged 
structure, and further optionally one L may be bound to X or 

M is a metal of Group 4 of the Periodic Table of the 
Elements in the + 2, +3 or + 4 formal oxidation state; 

X is an optional, divalent substituent of up to 50 non- 
hydrogen atoms that together with L forms a metallocycle with 

M; 

X' is an optional neutral Lewis base having up to 20 non- 
35 hydrogen atoms; 
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X- each occurrence 'is a monovalent, anionic moietv 
l^ng up to S o non-hydrogen atoms, optionally Z l. 
-y be covauntly pound together formL a" val en LnlT* 
-iety having b oth valences bound to M, or, op io lly " " 
groups „ay be covalently hound together to ror„ a n ut-1 
->ugated or nonconjugated diene that is ,-oonded to „ 
tv-hereupon W is in the ,2 oxidation state) or further' 
optionally one or more y mi further 

ws le :::r sr^c coordinaced th - eto by — ■ - - 

* is 0, 1 or 2; 
™ is O'or 1; 

n is a number from 0 to 3; 
15 P is an integer from 0 to 3; and 

the sum , Wp , is egual to ^ formai q ■ 

» : except when , X . groups toge , her f _ a 

non- con3ugated diene that is ^ m< ^ whi ^ J«.d 

the sum X+ m -s eg ual to the formal oxidation state of „. • 

0 Preferred complexes include t-w- • - 

or two L crouns Th. , , containing either one 

cent.* " complexes include those 

cont ain a bridging group Unking ^ 

Preferred bridging groups are rhn« S^oups. 
formula <r R * , * ? th ° S6 Responding to the 

<~R 2 ) X wherem E . R* and x are as defined above 
Prefe.ably, R . independently each occurrence is methyl 
ptloxy PrOPy1 ' bSn2y1 ' ^' ™ —oxy. Ithoxy or 

conJnr^ diV3lent * SUbSCitue ^s include groups 

confining up to 30 non-hydrogen atom* • • 

one atom that < * h~ comprising at least 

PeriodL \Z & f r ° r 5 mSmber ° f Gr -P « of the 

delo 6 ElemenCS direccl * sct -ned to the 

delocal 12ed n . bonded deferent - tMl , 

u -uerent atom, selected 
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fro, the group consisting of nitrogen, phosphorus, oxygen or 
sulrur that is covalently bonded to M. 

A preferred class of such Group. « metal coordination 
complexes used according to the present invention corresponds' 
to the formula: 



R 3 




wherein: 

M is titanium or zirconium in the + 2 or + 4 formal 
oxidation state; 

R 3 in each occurrence independently is selected from the 
group consisting of hydrogen, hydrocarbyl , silyl, germyl, 
cyano, halo and combinations thereof, said R 5 having up to 20 
non-hydrogen atoms, or adjacent R 1 groups together form a 
divalent derivative thereby forming a fused ring system, 

each X" is a halo, hydrocarbyl, hydrocarbyloxy or silyl 
group, said group having up to 20 non -hydrogen atoms, or two 
X- groups together form a neutral C 5 . 30 conjugated diene or a 
divalent derivative thereof; 

Y is -0-, -S-, -NR*- , -PR*-; anc j 

2 is SiRV CR* S . SiR*,SiR*,. CR* : CR* I( CR*=CR*. CR*,SiR*,, 
or GeR* 3 . wherein: R* is as previously defined. 

Illustrative (not' necessarily preferred) Group 4 metal 
complexes that may be employed in the practice -of the present 
invention include: 

cyclopentadienyltitaniumtrimethyl, 
cyclopentadienyl t i taniumtriphenyl , 
cyclopentadienyltitaniumtribenzyl. 
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cyclopentadie ny lcicaniu m dimechyl met hoxide, ' 

cyclopentadienyltitaniumdimerhylchloride. 
pent am ethyl cy clopen t adien y l titaniumtrime ; hyli 

indenyltitaniumcrimethyl, 

5 indenyltitaniumcriphenyl, 

tetrah y droindenyltitaniumtriben 2 yl ( 

P-^^thylcyclopencadienyltitaniu^tribenzyl 

penta.ethyicyclopencadienyUita^^^,^^^^^/ 
° (n s -2 , 4 -dimethylpencadienyl, titaniumtrimethyl , 
octahydroflucrenyl t i taniunitrimethyl( 

tetrahydroindenyltitaniumtrimethyl, 
tetrahydrofluorenyltitaniumtrimethyl, 
<l.l-din»ethyl- 2< 3. 4, s.io.i,.! 4 5 6 7 n h 

titaniumtrimethyl, ' ' ' ' ^^^"-P^alenyl , 

fl,1.2,3-tetramethyl-2.3 4 e i n „ ■. „ , 
■ a . „. , 7 ^' 3,4 ' 9 ' 10 - T l- 1 '4 ( 5,6 / 7.8-hexahydro- 

naphthalenylJtitaniumtrimethyl, ■ 
(ter C - butylamido) <tetramethyl-^ cyclopentad , 
dxmethylsilanecitanium dibenzyl, ' . 

silonetitanium dimethyl. 

ethaneaiylcitanium dimethyl, 
<tert-butylanudo) (t:etra m ethyl-^. indenyl , 

aimethylsilanetitanium dimethyl. 
^^"^ . 

methylSilan£ tltMiu - «») ^^ethylaminObe^yl.- 
(tert-butylamido) ftetramethv? n> - 

si-,- ramethyl-n -cyciopentadienyl) dimethyl - 

silanetitanium {i n > allyl< yi 
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(Cerc-butylamidOCtetramethyl-^-cyclopencadienyDdimethvl- 
silanetitanium (III) 2 , 4 -dirnethylpentadienyl , 

U.rt-butylamido) (tetramethyl-^-cyclopentadienylJdimethyl- 
silanetitanium (II) i , 4-diphenyl-i , 3-butadiene. 

(tert-butylamido) (tetramethyl -^-cyclopentadienyl) dimethyl- 

silanetitanium (II) 1 , 3 -pentadiene, . 
(tert-butylamido) (2-methylindenyl) dimethylsilane 

-titanium (II) 1 , 4 -diphenyl-l . 3-butadiene , 
(tert-butylamido) (2-methylindenyl) dimethylsilane- 

titanium (uj 2 , 4 -hexadiene, 
(tert-butylamido) (2-methylindenyl) dimethylsilane - 

titanium (IV) 2 , 3 -dimethyl -l , 3 -butadiene, 
(tert-butylamido) (2-methylindenyl) dimethylsilane- 

titanium (IV) isoprene, 

(tert-butylamido) (2-methylindenyl) dimethylsilane- 
titanium (IV) 1, 3-butadiene, 

(tert-butylamido) (2 , 3-dimethylindenyl ) - dime thy Is i lane - 
titanium (IV) 2, 3-dimethyl-i , 3-butadiene, 

(tert-butylamido) (2 , 3-dimethylindenyl ) dimethylsilane- 
titanium (IV) isoprene, 

(tert-butylamido) (2, 3-dimethylindenyUdimethylsilane- 
titanium (IV)' dimethyl,. 

(tert-butylamido) (2, 3-dimethylindenyl ) dimethylsilanetitanium 
(IV) dibenzyl, 

(tert-butylamido) (2 , 3 -dimethylindenyl ) dimethylsilane - 
titanium (iv) 1 , 3 -butadiene , 

(tert-butylamido) (2 , 3-dimethylindenyl) dimethylsilane- 
titanium (II) 1, 3-pentadiene, 

(tert-butylamido) (2 , 3 -dimethylindenyl ) dimethylsilane - 
titanium (II) 1 . 4 -diphenyl - l , 3 -butadiene , 
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(tert-butylamido, (2 -methylindenyl , dimethyls! lane"- 
titanium (II) 1, 3-pentadiene, 

(ter t -bucyl am idoJ(2- m ethylinde n yl)dimethylsilane- 
titanium (iv) dimethyl, 

> (t ^ t -t>ut y lamido)(2-methylindenyl)dimethylsilane- 
titanium (IV) dibenzyl, 

(tert-butylamido, ^-methyl -4 -phenylindenyl ) dimethylsilane- 
titanium. (n, 1 , 4-diphenyl - i , 3 -butadiene, 

(tert-butylamido) (2 -methyl -4-phenylindenyl, dimethylsilane- 

titamum (II) 1 , 3-pentadiene, 
(te "- b -ylamidoH^^ 

titanium (II) 2, 4-hexadiene, 

(tert-butylamido) (tetramethyl-^-cyclopentadienyDdimethyl- 
silanetitanium (IV, 1, 3 -butadiene, 

(tert-butylamido) (tetramethyl-^-cyclopentadienyDdimethyl- 
silanetitanium (IV, 2 , 3 -dimethyl-i . 3 -butadiene. 

(tert-butylamido, (tetramethyl-n'-cyclopentadienyDdimethyl- 
silanetitanium (IV, isoprene, 

(tert-butylamido, (tetramethyl-^-cyclopentadienyndimethyl- 
silanetitanium (II) 1,4 -dibenzyl-!, 3-butadiene. 

(tert-butylamido, (t«t;«me t hyl,^.cyclopent.die n yl,di»ethyl. ' 

silanetitanium (II, . 2, 4-hexadiene. • 

(tert-butylamido,(tetramethyl-^-cyclo P entadienyl,dimethyl-- 
silanetitanium (II, 3-methyl-l. 3-pentadiene, 

(tert-butylamido) (2. 4-dimethylpentadien-3-yl, dimethyl- 

silanetitaniumdimethyl, 

(tert-butylamido, (6, 6-dimethylcyclohexadienyl, dimethyl- 

silanetitaniumdimethyl, 

'""■but,H,i W ,U. d i«th yl .2. 3 . M , 1M . U|5|M8 . 
^^™™ P h,h.l.„.4. yl ,«« thyl , ilM1 . tit „ il|1|ldliit 
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(cert-butylamido) (1.1,2, 3-tetramethyl-2, 3,4,9. lo-n- 

l : 4,5,€,7,e-hexahydron £ phthalen-4-yl)dimechylsil a ne- 
titanium-dimetbyl, 

(tert-butylamido) (tetramethyl-n'-cyclopentadienyl methyl- 
.5 Phenylsilanetitanium (IV) dimethyl, 

(tert-butylamido) (tetramethyl-n'-cyclopentadienyl methyl - 
phenylsilanetitanium (II) 1, 4 -diphenyl- 1,3 -butadiene, 

1- (tert-butylamido) -2- (tetramethyl-^-cyclopentadienyl) - 
ethanediyltitanium (IV) dimethyl, and 

10 1- (tert-butylamido) -2- (tetramethyl-Tf -cyclopentadienyl) - 
et hanediyl - 1 i tanium . ( 1 1 , 1 , 4 -dipheny 1 - 1 . 3 -butadiene . 
Complexes containing two L groups including bridged 
complexes suitable for use in the present . invention include: 
bi s (cyclopentadienyl) zirconiumdimethyl, 
15 bis (cyclopentadienyl) zirconium dibenzyl, 
bis (cyclopentadienyl) titaniumdiphenyl , 

bis (cyclopentadienyl) titanium-allyl, 
bis (cyclopentadienyl) titaniummethylmethoxide, 
bis (cyclopentadienyl) titaniummethylchloride, 
20 bistpentamethylcyclopentadienyDtitaniumdimethyl, 
bis ( indenyl ) t itaniumdimethyl , 

bis (indenyl)titaniummethyl (2. (dimethylamino) benzyl). 

bis (indenyl) titanium methyltrimethylsilyl , 

bis (tetrahydroindenyl) titanium methyltrimethylsilyl. 
25 t>is(pentamethylcyclopentadienyl)titaniumdibenzyl, 

bis (pentamechylcyclopentadienyl) titaniummethylmethoxide, 

bis (pentamethylcyclopentadienyl ) titaniummethylchloride . 

bis (methylethylcyclopentadienyl ! zirconiumdimethyl . 

bis (butylcyclopentadienyl ) zirconium dibenzyl , 
3« bis(t-butylcyciopentadienyl) zirconiumdimethyl. 
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bis (ethyltetramethylcyclopentadienyl) zirconiumdimethyl. . 
bis (methylpropylcyclopentadienyl) zirconium dibenzyl, 
ttrimethylsilylcyclop^ntadienyl) zirconium dibenzyl, ' 
■ dimethylsilyl-bis (cyclopentadienyl ) zirconiumdimethyl , 
i dimethylsilyl-bis (tetramethylcyclopentadienyl) - 
titanium (III) allyl, 

dimethylsilyl-bis (t-butylcyclopentadienyl) - 
2 irconiumdichl or ide , 

dimethylsilyl-bis (n-butylcyclopentadienyl) - 
zirconiumdichloride , 

(methylene-bi S (tetramethylcyclo P entadi e nyl)titanium(III, 2- 

( dime thylamino) benzyl , 

(methyl e n e -bis(n-butylcyclo P entadienyl)titanium(lIl) 2- 
(dimethylamino) benzyl, 

dimethyl £ ilyi. bis (indenyl) zirconiumbenzylchloride, 

dimeth yl«ilyl : bis(2-methylindenyl)zireoniu»diBethyl. 

dimethylsilyl-bis <2-methyl-4- p henylindenyl) - 
zirconiumdimethyl, 

dimethylsilyl-bis (2-methylindenyl) zirconium- 

L 4 -diphenyl -1.3 -butadiene, 
dimethylsilyl-bis (2-methyl -4 -phenylindenyl) - 

rirconium (II) i, 4 -diphenyl -i... 3 -butadiene, 

dimethylsilyl-bis (tetrahydroindenyl).zirconium (II) lf4 - 
diphenyl - i , 3 -butadiene , 

dimethylsilyl-bis (fluorenyl) zirconiummethylchloride. 

dimethylsilyl-bisftetrahydrofluorenyDzirconiumbis- ' 

(trimethylsilyl) , 

(isopropylidene) (cyclopent.dienyl) (f luorenyli zirconiu- 
dibenzyl, and 
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Other complexes, catalysts and catalyst systems, 
especially complexes containing other Group 4 metals, will, 
of course, be apparent to. those skilled in the art who have 
the benefits of the teachings of this disclosure. 

Suitable cocatalysts for use to the present invention 
include, for example, but are not limited to, polymeric or 
oligomeric aluminoxanes , especially methylaluminoxane or ' 
modified methylaluminoxane (made, for example, as described 
in US Patent Nos . 5, 041,584 ; 4. 544 ,'762; 5,015.74 9; 5.041.583; 
5,086,024; 5,064,585; 4,960,678 and/or 5,041.585) as well as' 
inert, compatible, non-coordinating, ion forming compounds. 
Preferred cocatalysts are .inert, non-coordinating, boron 
compounds . 

The homogeneous catalysts useful in the present 
invention may also be supported on an inert support. 
Typically, the support can be any solid, particularly porous 
supports such as talc or inorganic oxides, or resinous 
support materials such as a polyolefin. Preferably, the 
support material is an inorganic oxide in finely divided , 
form. 

Suitable inorganic oxide materials which are desirably 
employed in accordance with this invention include Group ha." 
IIIA, IVA, or IVB metal oxides such as silica, alumina, and 
silica-alumina and mixtures thereof. Other inorganic oxides 
that may be. employed either alone or in combination with the 
silica, alumina or silica-alumina are magnesia, titania. 
zirconia, and the like. Other suitable support materials, 
however, can be employed, for example, finely divided 
polyolefins such as finely divided polyethylene. 

The heterogeneous catalysts suitable for use in the 
present invention are typical supported, Ziegler-type 
catalysts which are particularly useful. at the relatively 
high polymerization temperatures. Examples of such 
compositions are those derived from organomagnesium 
compounds, alkyl halides or aluminum halides or hydrogen 
chloride, and a transition metal compound. Examples of such 
catalysts are described in U.S. Pat Nos. 4,314,912 (Lowery, 
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Jr. et al.), 4,547,475 (Glass e>r -i v j 

(Coleman, in). • " and ^,300. 

fo. ex a"!!" 1 "? SUitable ° r5an °-Sne S iu m compounds include 
fo_ example, hydrocarbon . soluble dihydrocarbylmagnesium such 
3 - the magnesium dialkyls and magnesium y such 

Exemplary suitable magnesium dialXyls include oarticularlv n 
• *uty -sec-butylmagnesium, dii SO propyl m agnesium; d^n " 
hexy magnesium, isopro Py l-n-butyl- ma gnesium, ^ 

nexylmagnesium ethvl n w •> 

^emplary . uitlbl . msgneslu „ diaryu inciude ° «*« — s. . 

au^L lm89neSiU "' dib ' n2 ^»^-"- »d dUolyl raone si u „ 
Lo" "?*~^»~*^ include alky l J d 

15 magnesium. halides wit-v, .-wi, yi 

M lth the ^logen-free organomagnesium 
compounds being more desirable agnesium 

are t^ct^ ^ S ° UrCeS ^ ^ 

h ydr:gi n a : n ;:; id n : n - metaiiic haiides ' « . 

0 for n0n ' metallic ha ^es are represented by the 

formula R'X wherein p« ;^ u j y 

> halide, t ^^halxdes such as t-alkyl halides.. allyi 

~- : : ::::: 

hereinbefore ,„ =1 f n " ia " th «t •» active as defined 

nbefore are also suitably employed. E»m D lM of 

lilt T -elude hyaro g e„ 

' . -P-^nylethyl bromide, dip„ enyi .ethyl 

«• a-lyl chloride and benzyl chloride. 
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Suitable metallic halides which can be employed herein 
mcluoe those represented by the formula MR y . a X a wherein: 

M is a metal of Groups IIB, IIIA or IVA of 
Mendeleev's Periodic Table of Elements, 

. R is a monovalent organic radical, 
X is a halogen, 

Y has a value corresponding to the valence of M 
and ' 

a has a value from 1 to y. 
Preferred metallic halides are aluminum halides of the 
formula AlR 3 _ a x a wherein: 

each R is independently hydrocarbyl as hereinbefore' 
denned such as alkyl, 

X is a halogen and 
a is a number from 1 to 3 . 
Most preferred are alkylaluminum halides such as ' 
ethylaluminum sesqui chloride, diethylaluminum chloride 
ethylaluminum dichloride, and diethylaluminum bromide 'with 
ethylaluminum dichloride being, especially preferred 
Alternatively, a metal halide such as aluminum trichloride or 
a combination of aluminum trichloride with an alkyl aluminum 
halide or a trialkyl aluminum compound may be suitably 
employed. 

It is understood that the organic moieties of the 
aforementioned organomagnesium, e.g., R-, and the organic 
moieties of the halide source, e.g., R and R-, are sui-tably 
any other organic radical provided that they do not contain 
functional groups that poison conventional Ziegler catalysts 

The magnesium halide can be pre- formed from the 
organomagnesium compound and the halide source or it can be 
formed in situ in which' instance the catalyst is preferably 
prepared by mixing in a suitable solvent or reaction medium 
(1) the organomagnesium component and (2) the halide source 
followed by the other catalyst components. 

Any of the conventional Ziegler-Natta transition metal 
compounds can be usefully employed as the transition meta] 
component in preparing the supported catalyst comoonent 
Typically, the transition metal component is a comoound of a • 
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gener.ily. represented by the formuias: TrX. 4 . g(0R l, 
TrX' 4 -,R2„, VOX'S and VO (0*1)3 ? ' 

q is 0 . T i ■ ' VanadlUm ° r ionium. 

« 0 or a number equal to or less than 4 • 

x is a halogen, and 

■■ ■ e Wil compound 

contains a hydrocarbyl opoun d2 >. • 

» «yl. or ara lk yl * "^l? ' ' " ^^' ^cloalky!. 

contain an H 112 t "^"W Sroup win preferably 

carbon bond nius^t" t " 

aralkvl „„ Iilustratl « but non-li„iti„g examples of 

2 "-^ zz£ ™ .a-di^butyi. 

compounds can b* elp^yea "HIslL e " Mi " W> 
delude ncir™^ ^ e *'"™ 1 "" rounds 

^<0CXJH JS ,C1 3 , Ti ( 0-i.C3„ 7)< . and Ti ( o-„-c 4 H s , 4 . 
^13, V0.(OC 2 H 5 )3, and VO (OC*R 9 ) 2 

» w,oc„, ^ ;„ ; H 2 OC2H :' 2 • zrci,oc ^- 2 «^><. 

(OC 4 H 9 ) 2 , and ZrCl (OC 4 H 9 ) 3 

c^^r^rrv' the transici °- — 

i»Posed on the n^ ' t £ ^ "° ^ 

b. contracted „it„ tne 1 ^ ' ^ -tr ~~ -X 
« transition metal- c™™ / ' ' h «l°9«iid« and alkoxide 

-PXoved, The re C ~ ^ - - -fuily 

-y named tiansition metal compounds 
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are especially preferred with vanadium tetachloride, vanadi 
oxychloride, titanium tetraisopropoxide, titanium 
tetrabutoxide, and titanium tetrachloride being most 
preferred. 

Suitable catalyst materials may also be derived from a 
inert oxide supports and transition metal compounds. 
Examples of such compositions suitable for use in the " 
solution polymerization process are described U.S. Patent 
5,420,090 and 5.231,151. 

The inorganic oxide support used in the- preparation of 
the catalyst may- be any particulate oxide or mixed oxide as 
previously described which has been thermally or chemically 
dehydrated. such that it is substantially free of adsorbed 

moisture . 

The specific particle size, surface area, pore volume, ' 
and number of surface hydroxyl groups characteristic of the 
inorganic oxide are not critical to its utility in the 
practice of the invention. However, since such " 
characteristics determine the amount of inorganic oxide to be 
employed in preparing the catalyst compositions, as well as 
affecting the properties of polymers formed with the aid of 
the catalyst compositions, these characteristics must 
frequently be taken into consideration in choosing an 
inorganic oxide for use in a particular aspect of the 
25 invention, in general, optimum results are usually obtained 
by the use of inorganic oxides having an average particle 
size in the range of i- to 100 microns, preferably 2 to 20 
microns; a surface area of 50 to 1.000 square meters per 
gram, preferably 100 to 4 00 square meters per gram; and a 
pore- volume of 0.5 to 3 . 5- cm 3 per gram; preferably 0.5 to 2 
cm 3 per gram. 

In order to further improve catalyst performance, 
surface modification of the support material may be desired. 
Surface modification is accomplished by specifically treating, 
the support material such as silica, aluminia or silica- 
alumina with an organometallic compound having hydrolytic ' 
character. More particularly, the surface modifying agents 
for the support materials comprise the organometallic 
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compounds of the metals of r 

^ble. Most preferab S t ° f G ^P HA and xxi A o£ the Periodic 

-i eC ted tnm magnesium y n h -~ are 

-P.ci.lly from magnesium and al a U 1 7 Um 0 ^—alli cs and 
5 th.«of represented fay 31 m — mixtures 

herein each o£ Rl J ^ fp 1 " «d 
Cerent are alky ; grou a D n s d R ^ iCh -X the same qr . 

•«lkyl 9roups. al 4^ T^' CyCl ° alkyl 

10 between 1 and 20 carbon ^ R < * 2 and R 3 can contain 
carbon atoms. * ^ P"*«»My from , tQ lQ 

surface mori ' f 

^--tuiic c«, PO ; n r: n 9 :^v ff r ,d by addi * s " e ■ 

"» support „ aterla ^ c ' ni " h l e "lv.nt.to a slurry o£ 
15 i» • suitable solv Mt and the " S "* t, . llic ^POund ' 

'» »« ™utes and prefect £ " ^""^ f "« 2 ° 

temperature in the r.™ T " '° " inUt « « • 

-Ployed in s^ZTte " 100 ' C ' ™ S 

e»Ployed in soluolljin theT" ** ° f thS -^ents 
» preferably the same. ^ometaUic compound and is 

A preferred embodiment of rk. 
of any novel polymeri" J Pr "* nt "-""on is the 

P^pare homogeneous! ^^.7 T*" """^ hml » <° 
f « homooeneouslv H ^ P ° 1 ™ rS - »• 

» out* interpolymL a ^ ^ ^ " hyU,,e ilP >*- 
*■ >.««S..M or ho„oge„eousT v T k °" ™ 

-viene powers as LS^r"""' • 

5.272. 236 and 5 ° v ^ « «1. « U.S. Patent 

interpol^^ ^ „ e ^-olefins for 

» following formula: - represented by the 



™2 ■ CHR 



" h =re R is , hydrocarbyl radical „ 
"did having from one to t„e„ t ^ ' 

Olefin monomers include L ,t — " S ^ 

l-bute„e. 1-pentene. l-h ' " ^ U " ted <*>■ Propylene. 
1-^ecene and l-octene. as ^1 ^^"l "P— . 1-heptene. 

«tyr.„.. alkvL-substituted stvren "°"° ner tyPeS SUCh " 

styrenes. vinyl ben 2 ocyclob UC a„e. 
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dienes such as i , 4 -hexadiene. 1. 7-octadiene. i , 9-decadiene 
.and ethyladene norbornene and cycloalkenes (e.a. ( 
cyclooentene, cyclohexene' and cyclooctene) . Preferred 
homogeneously branched ethylene alpha-olefin interpolymers 
5 are homogeneously branched substantially linear ethylene 
alpha-olefin interpolymers and a homogeneously branched 
substantially linear ethylene/1 -octene copolymer is- 
particularly preferred. Another preferred embodiment of the 
present invention is the use. of the novel polymerization 
0 system to prepare polymer blends comprising at least one 

homogeneously branched ethylene interpolymer and at least one 
heterogeneously branched ethylene interpolymer or 
homogeneously branched ethylene polymer, particularly 
preferred is a polymer, blend comprising at least one 
5 homogeneously branched substantially linear ethylene alpha- ' 
olefin interpolymer and most preferred is a polymer blend 
comprising at least one homogeneously branched substantially 
linear ethylene/l-octene copolymer and at least one 
heterogeneously branched linear ethylene/l-octene copolymer. 

The term "homogeneously branched " is used in the 
conventional sense in reference to an ethylene interpolymer 
in which the comonomer is randomly distributed within a given- 
polymer molecule and wherein substantially all of the polymer 
molecules have the same ethylene to comonomer molar ratio. 
The term refers to an ethylene interpolymer that is 
characterized by a relatively high short chain branching 
distribution index (SCBDI) or composition distribution 
branching index (CDBI). That is, the interpolymer has a 
SCBDI greater than or equal to 50 percent, preferably greater 
than or equal to 70 percent, more preferably greater than or 
equal to 90 percent and essentially lacks a measurable high 
density (crystalline) polymer fraction. 

SCBDI is defined as the weight percent of the polymer 
molecules having a comonomer content within 50 percent of the 
median total molar comonomer content and represents a 
comparison of the monomer distribution in the interpolymer to 
the monomer distribution expected for a Bernoullian 
distribution. The SCBDI of an interpolymer can be readily 
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p ' tel "Perature rising eiutior, 
fractionation (abbreviated h„ • «iution 

for .xa Kpl e. bv Wi , d et i 7 T ' " 

Performance 11 spp rroauct 

Heaver. the preferred TREF oe ° £ »^<»«» ■ 

quantities in SCBDI calcula^ include purge 

^o^j. calculations. More nref *>t-=ki ,, -u 

monomer distribution u Preferably, the 

Utl ° n ° f the interpolyn,er and SCBDI are 

determined usina 13 r mmd -> 

3 C NMR «»»ly?l» in accordance .with 

technics described in US Patent No. 5 292 8S5 .„„ h , ' 
.andan i ,e„. M , cromo , ^. phys .. £ * *• * 

the d e II e ::r 9e " eOUSly ' " — 'in . 

interpoly™ havin rr " '» « "h yl ene 

distrLuon nde; 9 (SC B C 0 T: atiVely '°" ^ 
branching index ^ T ^"^^ 

;:::::r y r ^'^^isnsnnr a 

percent. m ° re ^ically less than 3 0 
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The term -homogeneously branched linear ethylene 

(or narrl, short br. h "'"^W has a homogeneous 
— a ^ela ivelv h k 9 di£tri b-ion 'i.e., the po ly *er 

'bsence of ion,' Cha „ b ^c ng „ d r:- interPOly " r M 
J, t. ona, sense 0^ ^TZT*~ 

vldpe i and high dens', T ' ^""^ or ' 

b. — usin t* ; ; y ~ — C a» 

i» US Patent No. 3 6 « !• ! 9 ' " """^ W ".ton 

-»« branching dis" b „" f T """"" ' narr ° tt ' 

" U - e -' homogeneously branched) . 
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Elston uses soluble vanadium catalyst system to make such 
Pollers, however others such as Mitsui Chemical Corporation 
and Exxon Chemical Company have used so-called single site 
catalyst systems to make polymers having a similar 
homogeneous structure. Homogeneously branched linear • 
ethylene interpolymers can be prepared using the present 
novel polymerization system by employing, he.fnium, . zirconium 
titanium, vanadium or metallocene catalyst systemc or 
combinations thereof. Ewen et al. in U.S. Patent No 
4.937,299 describe a metallocene catalyst system that is 
tnought to be suitable in the present polymerization system 
for preparing homogeneously branched linear ethylene 
interpolymers . 

The term "homogeneously branched linear ethylene 
interpolymer" does not refer to high pressure branched 
polyethylene which is known to those skilled in the art to 
have numerous long chain branches . 

Typically, the homogeneously branched linear ethylene 
interpolymer is an ethylene/olefin interpolymer, wherein 
the a-olefin is at least one C 3 -C 20 a-olefin (e.g., propylene, 

1-butene, l-pentene, 4 -methyl -i-pentene, 1-hexene, 1-octene • 
and the like), preferably wherein at least one of the a- 
olefins is 1-octene. Most preferably, the ethylene/a-olef in 
interpolymer is a copolymer of ethylene and a C 3 -C 20 a-olefin. 
especially an ethylene/C 4 -C 6 a-olefin copolymer. Commercial 
examples of homogeneously branched linear ethylene/a-olef in 
interpolymers made by known polymerization systems are sold 
by Mitsui Chemical under the designation "TAFMER" and by 
Exxon Corporation under the designation "EXACT" . 

Heterogeneously branched VLDPE and LLDPE are well known 
among practitioners of the linear polyethylene art. The 
present polymerization system can be used to prepare 
heterogeneously branched VLDPE and LLDPE resins by employing 
conventional Ziegler-Natta coordination metal catalysts as 
described, for example, by Anderson et al. in U.S. Pat No 
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4,076 These conventional 2 iegler- Cyp e linear 

polyenes are not homogeneously branched. d0 „« hav . 

bra " Chin9 «* • "nee, polymer backbone ^ 

the conventional sense of the ten. -linear • 
> The ten,, -ultra low density polyethylene- (ULDPE) 

very low density polyethylene- ,v^ PE) ai)d linear very lou 
density polyethylene- (L vu,P E , have been used interchal^y 
n the polyethylene art to designate the poller subset of 
Unear ow density polyethylenes having a density less than 
or equal to CMS g/cc. The term -linear low density 
po yet y ene- flLLDPE) is then applied to those linear 
polyethylenes having . density above g /cc . As ueed 

hat the" , " ^ «M« indicate 

that he polymer has a linear polymer backbone . Commercial 
'» -amples of heterogeneously branched VLDPE resins include 
ATTANE™ ULDPE polymers supplied by The D ow chemicai Company 
and FLEXOMER™ vlbpe polymers supplied by Union Carbide 
Corporation. 

» h srein T \7reIr\?„o" tiaUy »«»— *■ 

in to refer to homogeneously branched ethylene 

homopolymers. copoly^rs and other interpolymers that contain- 
long cha ln branches as well- as short chain branches 
attributable to homogeneous comonomer incorporation. The " 

» f the h r ae ° i the sa * e st ™ 

suhsti ITI ° f "*'"«i«"y Hnear polymers is 

substituted with an average of 0. 01 to 3 long chain 

T™ZTZT S - . P " Eerred — r powers 

» chii^::^ :„ ™ a ;: ;?rr r £r °» °- 01 ^ 

roons to 1 long chain branch/1000 

carbons to 1 long chain branches/1000 carbons. 

Long chain branching is dpfin.^ k 
of -r 9 ° eflned herein as a chain length 

°f »t least 6 carbons, above which rKo i -v 
, . wnich the length cannot be 

distinguished using » c nuclear magnetic resonance - 

he l0 " 9 Chai " br " Ch =» * » W « about 

same length as the length of the polymer backbone to 
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which it is attached. Lonq chain k« u 

9»«« ie „ gth thaa of £hor 9 t c c h ha n r h es are obviousiy ° f 

c-o—r incorporation. r * nCh " r "" 1Cin9 *™* 

The presence o£ !on g chain branching can be decerned 
in ethylene hcopolymers by usi „ g !3 C nuclear . 
resonance (HMR) spectroscopy and is ouantified JL, the ' 

V. 2&3, p. 285-297). u a ' 

As a practical matter, conventional "c nuclear Mfl „ 
-0 reson ance spectroscopy cannot determine the S;" 9 ^ 
chaxn branch in excess of six carbon atoms. However there 
-e other. known technics useful • for determining the 
Presence of long chain branches' in ethylene polymers, 
nciud ethylene/i-octene interpolymers. Two such methods 

Zl IT ChrOMto *»** coupled with a low 

laser l lght scattering detector (GPC-LALLS) and gel 
Permeation chromatography coupled with a differential 
vxscomete r detector , G p C -DV) . The use of these technigue , • 

20 1/ T 9 branCh detection - the underlying theories 

» have been well documented in the literature. See for 

-ample, Zimm, G.H. and Stockmayer. W.H., J. chem. Phys. 17 
"01 (1,49, andRudin. A. , M ^n Method ' 
^^i^ion, ^hn Wiley & sons, New York ( 19S1 , pp . 103 . 

rh . A \ Willem deGr ° 0t and P - "eve chum, both of The Dow 
Chenucal Company, at the October «. 1S94 conference of the 

JacsS f An ' lytiCBl ChSmiSt ^ «* Spectroscopy Society 

th- p n L ° UiS ' MiSS ° Uri ' PreS6nted data demonstrating 
th.t GPC-DV ls a useful technigue for quantifying the 
presence of long chain branches in substantially linear 

hat T r T"' ^ PartiCUlar ' d ^oot and Chum found 
that the level G f long chain branches in substantially linear 
ethylene homopolymer samples measured using the Zimm- 
Stockmayer equation correlated well with the level of long 
Cham branches measured using "c NMR. 

Further. deGroot and Chum found that the presence of 
octene does not change the hydrodynamic volume of the 
Polyethylene samples in solution and,. as such, one can 
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account for the molecule . • -l . 

cctene short chain bran lr: Sh <* 
cctene in the sample By "7 7^ 

» Cain branches ZZTLTll T' " a -° C " ne Sh ° rt 

. «<>-oot and Chum showed that GPC-DV mav h„ 

»«d to c.antify the level o£ ^ ta D be 

substant.ally linear ethylene/octene copolymers " 
oeCroot and Chu„ also showed that . plot of 

,_„ rk . , „ 3 aspects < b "t not the extent o£ long 
branchy, o£ substantially linear ethylene polyJs are 

zi;; : h r o£ hish pr — **** " 

» titaniL ^pleL: a„ d "I 1 " 9 ^f"'^ ™* 
as ha f niu„ and LZIZ ZT^ h °*<"— such 

» S,,, 236 " and in S „r P ~ S ^ " ^ 

Substantially linear i 
• y ilnear ethylene polymers differ 

25 Substantially lin<* a >- «Uv. ■> ' 

sionif , ethylene polymers also differ 

significantly from the clas* of ■> 

as heterogeneously benched t ■ ^ *"*' 

Hnear ethylene ll^l^"™ 1 f^" ' 
polyethylene li„„ T "ample, ultra low density 

by Anderson et al in us "ate ! 7^ °" 

GolU. as described in us Patent N '^^^ by 

« u£> patent No. 4 597 qom *-u *_ 

substant- iain, i- ' ' y ^ 0 ' ' m that 

bran he " y ethVUne pol >"'» «» bo„o s e„eously 

branched polymers. Substantial!,, i- 

5 also differ sianifi , ntlall y linea *" ethylene polymers 
radical ^ ^ the Class k *<^ «« f«- 

: h - hiy i ow <L. lty 

ci-nyiene homopolymer and ethylene i„t er „ 

ci-nyiene mterpolymers such as, for 
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example, ethylene -acrylic a<Hrq tm\ - ■. 

y c acid (EAA > copolymers, and ethylene- 
vmyl acetate (EVA) copolymers. 

The polymerization conditions for manufacturing 
substantially linear ethylene polymers according to the 
- present invention comprise a continuous solution 

polymerization process (as opposed to batch operation) 
although the present novel solution polymerization system is 
not limited thereto. In general, to polymerize the 
substantially linear interpolymers, homogenous catalysts 
mentioned earlier can be used, but for substantially linear 
ethylene polymers, the polymerization process should be 
operated such that substantially linear ethylene polymers are 
formed. That is, not all polymerization conditions and/or 
homogeneous catalyst systems inherently make substantially 
linear ethylene polymers. 

Substantially' linear ethylene polymers orepared by the 
present invention are generally characterized as having 

(a) a melt flow ratio, l 10 /i 2 , > 5 . 6 3. 

(b) a molecular weight distribution, M w /M n , as 

determined by gel permeation chromatography and defined by 
the equation: 

(M w /M n ) < (I 10 /l 2 ) - 4.63, 

<c) a. gas extrusion rheology such that the critical 
shear rate at onset of surface melt fracture for the 
substantially linear ethylene polymer is at least 50 percent 
greater than the critical shear rate at. the onset of surface 
melt fracture for a linear ethylene polymer, wherein the " 
-linear ethylene polymer has an I 2 and M w /M n within ten 
percent of the substantially linear ethylene polymer and 
wherein the respective critical shear rates of the 
substantially linear ethylene polymer and the linear ethylene 
polymer are measured at the same melt temperature using a gas 
extrusion rheometer, 

(d> a single differential scanning calorimetry, DSC 
melting peak between -30 and 14 0°c, and 

(e) a SCEDI greater than or equal to 50 percent. 
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The substantially' 1-ineav ethvion. i 

y x - near ethylene polymers prepared by ■ 
use of tne present invention are homogeneously branched 
polymers and essentially^ a measurable "high density 
fraction as measured by the TREF technique (i.e., have a 
narrow short chain distribution and a high SCBD index) The 
substantially linear ethylene poller generally do not " 
contain a polymer fraction with a degree of branching" less 
than or egual to 2 methyls/1000 ^ ^ J - 

poller fraction- can also be described as a polymer fraction 

> -h ■ egree of branching lesS than 2 methyls/ioTo caL ° 

Det.rman.txon of che critical shear rate and critical ' 
shea stress in regards to melt fracture ^ ^ cal 

logy properties such as ^logical processing index-. ' 
(PD. Performed using a gas extrusion rheometer (GER) . 

IhrofT Tr Si ° n rhe ° meter iS deS " ibed * M. Shida. rn" : 
Shroff and L.V. Cancio in PoW ^-.^ ^ 

No. llf p . 770 {1977)f and . n , lRheometers for Moiten 

Co 35 U,"i, b L JOhn eT* PUbUShed ^ ^^"^ ****** 

Co. ,1982) on pp. 97 . 99 . GER experiments are performed at a 

-perature of 190 e C . at nitrogen pressures ^ ^ 

5500 psig using a 0 . 7£4 mm diaBeter - 20;1 

en r ance angle Qf ^ 

Poly-er.. the PI is the apparent yl- J ™ 

-terial measured by GER at an apparent shear stress of 2 15 
Lte°r DO d r /Cm2 ' SUbStantiall >' ethylene are ethylene 

Z LT 9 3 PI ^ ^ ran9S ° f °- 01 k P°- " 50 

Une ' IT " kP ° iSe " W Th * substantially 

linear ethylene polymers prepared herein have' a PI less than 
r e 1 co 7Q percent Qf ^ ^ ^ a « tta 

(either a conventional Ziegler polymerized linear ethy^T 
Po ymer or a linear homogeneously branched linear ethylene 
Poller as described by Elston in US Patent No. 3.*™ 
^9 an ls £nd Kw/Mn , each within ^ ^ ^"2, 

substantially linear ethylene polymer 

is used ^"^.^"-^ — — s apparent shear rate plot 
i. used to oentiry che ms it fracture phenomena and guantL 
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Bheolosv, 30(2), 337-357, 1986 , above , certfiin criticsl f ^ 
rate, the observed extrudate irregularities may be broadly 
classified into two main types: surface melt fracture and 
gross melt fracture. 

Surface melt fracture occurs under apparently steady 
flow conditions and ranges in detail from loss of soecular 
film gloss to the more severe form of "sharkskin.- Herein 
as determined using the above-described GER, the onset of ' 
surface melt fracture (OSMF) is characterized at the 
beginning of losing extrudate gloss at which the surface 
■roughness of the extrudate can only be detected by 40x 
magnification. As described in US Patent Number 5.278 2772 
the critical shear rate at the onset of surface melt fracture 
for the substantially linear ethylene polymers is at least 50 
percent greater than the critical shear rate at the onset of 
surface melt fracture of a linear ethylene interpolymer 
having essentially the same I 2 and M w /M n . 

Gross melt fracture occurs at unsteady extrusion flow 
conditions and ranges in detail- from regular (alternating 
rough and smooth, helical, etc.) to random distortions. For 
commercial acceptability and maximum abuse properties of 
films, coatings and profiles, surface defects should be 
minimal, if „ oc absent. The critical shear stress at the 
onset of gross melt fracture for the substantially linear 
ethylene polymers is greater than 4 x 10* dynes/cn.2. The 
critical .shear rate at the onset of surface melt fracture 
(OSMF) and the onset of gross melt fracture (OGMF) will be 
used herein based on the changes of surface roughness and 
configurations of the extrudates extruded by a GER. 

Substantially linear ethylene polymers, like other 
homogeneously branched ethylene polymers that consist of a 
single polymer component material, are characterized by a 
single DSC melting peak. The single melting peak is 
determined using a differential scanning calorimeter 
standardized with indium and deionized water. The method 
involves 5-7 mg sample sizes, a - firsc heac , co 140 c c which . g 
held for 4 minutes, a cool down at lO'/min. to -3C°C which is 
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held for 3 ni „ u te s . and heat up « l0 -c/mi„. to i0 . c £or 
•second heat-. rhe single f l " 

"second heat" heat «i n « „ ° m the 

* . OW vs - temperature curve Tor~i u . 

fusion of the polymer is M i, , , , 1 heat of 

5 curve. calculated from the area under the 

For substantially linp=r •> 
density o£ ... 75 9/cc ^"" o " ! haVin9 * 

may show, deoendino 1 ! ^ ""^ meUi "9 P»>* 

uepenoing on equipment sensitivitv « 

. -ta-P- on the ^ melting side thac « ; ■ w~ or 

typically less than s percent of « 
ho„o 5e „eo Usly branched ^ as E)tactT „ - ' 

« che basis ° f <- — — — is 

" £UCh a " artifa « ~™» -ithla ,«-c. typicaHy 

o specific separately determined by 

r^rs ::r les and individuai ^ ' ■ 

<OPC» on a waters lL hi h P " ,nea " on <*™.at,graphy . 

■ eo. iPPed with : ; e tl 5 tr::r ature — ™< «*« 

te„ p erature c £ »„. c T he s , ' ° PeraCi " 3 " * SyS "» 

»«- which 0.3 pe CMt It I"' *' 

-pa d for « * — are 

millil lters/minute and ini ._ t . n . . 

Tha , , infection size is 200 microliters 
The molecular w»ioV^ • . *"«i«ers. 

usin 9 narrow * ^Tr"™" 1 '" " ^ 

—dards (£ ro. Pol^r £ f""" 

their elution vol umes Tn . I" * «"3™«ion with 

"eights are detail d J us ^ I! ^ 

«e ££ icie„ts £ or POlyethyll: fnd T/ Kark - H °"" i '* 

^ Willia„s and ward in ^ *" d P^tyrene ,„ described . 



WO 97/36942 

PCT/US97/OS420 

Letters, Vol. 6, p. 621, i S66 , t0 derive the followi . 
equation : 



In this equation, a = 0.4316 and b = 1.0. Weight 
average molecular weight, M w , and number average molecular 

weight, M n . are calculated in the usual manner according to 

the following formula: Mj - (Z w . wherfi w . ±g ^ 

weight fraction of the molecules with m, eluting from the GPC 
column in fraction i and j=i when calculating ^ and j.-i 

when calculating M n . 

For the homogeneously branched ethylene polymers made by 
the present invention {as single polymer compositions rather 
than as polymer blends or composites as in the instance of 
employing two flow loops with catalyst injection in each) . 
the M w /M n is preferably less than 3, more preferably less 
than 2.5. and especially from 1.5 to 2.5 and most especially 
from 1 . 8 to 2 . 3 . 

As described in US Patent Nos. 5.272.236 and 5.278.272 
by Lai et al . . substantially linear ethylene polymers are 
known to have excellent processability. despite having a 
relatively narrow molecular weight distribution (that is. the 
Mw/M n ratio is typically less than 3.5, preferably less than 
2.5. and more preferably 2). Unlike homogeneously and 
heterogeneously branched linear ethylene polymers, the melt 
flow ratio (i JB /i a ) of substantially linear ethylene polymers, 
can be varied essentially independently of the molecular 
weight, distribution, M w /M n . Accordingly, the present novel 
solution polymerization system -and process is preferably used 
to make a substantially linear ethylene polymer. 

Moreover, one of the surprising results obtained with 
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certain embodiments of the soiut ^ ■ 

-a processes described herein is ^ ^ ^ J ^ " 

"irT a „:;::7" e T ne ^ er aensity *° d — 

5 .m, , ' tlos {or ^"antially linear 

> hylene polymers are u „ iquely * « ■* 

chain branching, m „ ow be varying 
converse „ ithout significant^ ' ^ . 

concentration in the reaction s 

inventive non^ri^K,.- ' e P re sent 

' Whereas for I 7 £ «"P«"<>« Md poller concentration 

o/i:: s h i Zy^Lr^ »■ — 

which invariab.y rel" s in " T*** * ~ lV " ,t 
concents" T CCd P 01 ^" ana ™°"<=»« 

» Preln T 7' P ™ e '" "»i"tio„ is eliminated in the 

present novel system and process. 

By the phrase "certain embodiments- as related to thi. 

« Process and J T e ^ ^""^ and 

utilizes the preferred metallocene catalyst 
complexes described herein .»< . »taiyst 

-ear ^ " » 

> product l.esnectino „ ,! ! * requlre<i to P"><*« the same 
"=vel sy^e" anT" ' ae " Sity "* USi ** «» 

a cont nu I IlbaTIc" f »^«« » 

net result ^^"Polymerization process. The 

P. cas e d esc bid?'" 1117 *' ^ ^ ^ "* 

Chain branchinTorcd r" eta "««*— * • " 9 her long 

is not used to ' ! 5 "»*»»« 

»»«r elleL ool •«*■«• «■•■ substantially 

I melt „ 5TOr Pr0dUCtS haVi " 9 -«»"">y the same 

'» -It inde* and po ly „er density, . That is. one of the 

surprising benefits of the D re» nf < 

Poller manufacturers can D rL ^ ^ ° lefin 

ett , . 6rs can Produce substantially linear 

ethyl ene polymers with highe- level, n * 

inching (in the range of * C " °' ^ ^ 

b oi. o.oi to > i ong chain branch/1,000 
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carbons) and higher productivity without substantially 
affecting catalyst efficiencies. Alternatively, another 
surprising benefit of this system or process capability is 
now manufacturers can produce the same substantially linear 
ethylene polymer products at higher productivities and 
substantially improved catalyst efficiencies relative to the 
capabilities existing for known continuous adiabatic solution 
polymerization processes. 

By the phrase "higher long chain branching 
process/product capability. - it is not meant that the present 
system or process is the only system or process capable of 
manufacturing substantially linear ethylene polymer products 

The phrase is intended to mean the present system or 
process permits the manufacturing of substantially linear ■ 
ethylene polymer products at higher production rates without " 
the usual process penalties such as reduced catalysis 
efficiencies. 

The solution polymerization systems and processes 
disclosed herein are also useful for making olefin elastomers 
and rubbers, especially ethylene -propylene interpolymers 
such as. for example, ethylene-propylene-diene monomer (EPDM) 
elastomers and ethylene -propylene (EPJ elastomers, and 
styrene block copolymers such as, for example, styrene- 
butadiene block copolymers (SBS) , styrene-ethylene-butylene 
block copolymers (SEBS) and styrene- isoprene block 
copolymers. ASTM D 1566 defines various physical properties, 
and the test methods for measuring these properties, of 
rubbers. US Patent No. 5,001,205 (Hoel) provides an overview 
of the known elastomers comprising ethylene copolymerized 
with an alpha-oiefin. As Hoel describes, commercially viable 
elastomers have various minimum properties, e.g. a Mooney 
viscosity no less than 10, a weight average molecular weight 
(Mw) no less than 110,000, a glass transition temperature 
below -40°C, and a degree of crystallinity no greater than 
25% . 

The olefin elastomers and rubbers made according to the 
novel solution polymerization system and process disclosed 
herein are preferably interpolymers of ethylene or styrene 
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with at least one comonomer sei.r^ e 

" er selected from the grouD 
consisting of al-i nhatir- r r , L 

i-phatic C 3 -C 20 alpha-olefins, conjuoated 

«en„. and nonconjugated dienes. The tern> interooly.er 
-duces copolymers, e.g. EP . and terpolymers< e c 
5 is not intended to limit th, B i= . .e.g. epdm, but 

•Limit tne elastomers made to onlv 

, , alPh a -ol efl „ s include propylene. Lbutene. 

' "^r::^ \-~ — — • 

cyclohexane or cvcloncnh^. 

such as 3-cyclohexvl i ^ ^-^fin 

or an c, the ..^.^ e » * " *■« of so„e 

• ---l„:: -rr:::"" 6 - 

Hke- cyciic'di t "" d " 8dler ' e ' l."-eicosadiene. and the 
hi ',T dlenes •<"* *■ '••■-cyclohexadiene. 

, sssekxsss: — - 

> blcyclo 2.2 2]oct-? «; a- 

/ ^joct 2,5-diene, 4-vinylcyclohex-l-ene 

blcyclo [2.2 21octo -""ex i ene, 

/ l -'-^-- i Joct-2 / 6-aiene. 1,7 7. 

diallvlb en , e '' aromatic dienes such as 1.4. 

Qianyibenzene, 4 -allvl-iH- in^„~ . ' 

e-h i • -2 atrien€ ' l '«.9-dec«triene, and the like- with 5 
^nyladene-2-norbornene a preferred ™ 

Examples of conjuoated conjugated diene. 

isoorene 2 ■?<-?■ " 3USated Clenes delude butadiene. 

soprene, 2. 3-dimethylbutadien»-i 3 1 7 ,»< v 
1.3. 1,4-dimethylbutadiene-, 3* ' 3 ' ^ ' ^^^^ne- 

Ph.nylbuc.dWi. 3. hexadi n t : / lb ^™< 3 < 2 " 

en " 1>3 ' 4 -niethylpentadiene-i,3, 
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1.3 -pentadiene. 3-methyl-i. 3-pentadiene, 2, 4 -dimethyl -i, 3- 
pentadiene, 3-ethyl-i . 3 -pentadiene, and the like; with 1 3. 
pentadiene a preferred conjugated diene. 

Copolymers of ethylene and one aliphatic C 3 -C 20 alpha- 
olefin or one diene (either conjugated ' or nonconjugated) can 
be prepared using the process of this invention. 
Interpolymers of ethylene, at least one aliphatic C 3 -C 20 ' 
alpha-olefin,. and/or at least one diene (either conjugated or 
noncon 3 ugated) can also be made by using this process. 
.Exemplary copolymers include ethylene/propylene and 
ethylene/1 -octene. Exemplary terpolymers include 
ethylene/propylene/l-octene. ethylene/propylene/5 -ethylidene- 
2-norbornene. ethylene/l-octene/5-ethylidene-2-norbornene ( 
ethylene/propylene/l.3-pentadiene, and ethylene/l-octene/l . 3- 
pentadiene. Exemplary tetrapolymers include ' ' 

ethylene/propylene/l-octene/diene (e.g. ENB) and 
ethylene/propylene/mixed dienes, e.g. ethylene/propylene/5- 
ethylidene-2-norbornene/piperylene. in addition, the 
elastomers made using the process of this invention can 
include minor amounts, e.g. 0.05 - 0.5 percent by weight, of 
long chain branch enhancers, such as 2 , 5-norbornadiene (also 
referred to as bicycle [2, 2, 1] hepta-2, 5-diene) , 
diallylbenzene, 1 , 7-octadiene (H S C-CH (CH 2 ) 4 CH=CH 2 ) , and 1, 9- 
decadiene (H,C=CH (CH 2 ) 4 CH=CH S ) . 

At a general minimum, the olefin elastomers and rubbers 
made by the solution polymerization system and process of 
this invention comprise at least 30. preferably at least 40 
and more preferably at least SO. weight percent ethylene; at 
least 15, preferably at least 20 and more preferably at least 
25, weight percent of at least one alpha-olefin; and 0. 
preferably at least 0.1 and more preferably at least 0.5. 
weight percent of at least one conjugated or nonconjugated 
diene. 

At a general maximum, the olefin elastomers and rubbers 
made by the solution polymerization system and process of 
this invention comprise not more than 85, preferably not more 
than 80 and more preferably not more than 75. weight percent 
olefin; not more than 70, preferably not more than 60 and 
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more preferably not more than 55, weight percent of at least 
one a pha-olefin; and not more than 20, preferably not more 
than 1 ana .ore preferably not .ore than 12, weight percenc 
o. at . e .st one or a conjugated or nonconjugated diene U1 
5 weignt percentages are based on weight of the olefin 

elastomer or rubber which nan ^ ^ 

wnicn can be determined using any 

conventional method. - 

™e polydisperslty (molecular weight distribution or 
Mw/M n ) of the interpolymer elastomers generally ranges f rom 
1-5, preferably 1. 8 , and especially 2.0 to 15, preferably 10 

and especially 6. V ' 

Generally/ the M w of the interpolymer elastomers, ranges 
from 10 000, preferably 20,000, .ore preferably 40,000, and ' 
especially GO. 000 to 1,000,000, preferably 800,000, more 
preferably 600.000, and especially 500,000. 

The olefin elastomers and rubbers made by the solution 
polymerization systems and processes according to 

invention cover a range of viscosities, depending upon the 
molecular weight of the elastomer and optional post 
Polymerization rheological modification. In general, the 
viscosity of elastomers is characterized by Mooney viscosity 
which is measured according to ASTM D 1646-89 using a shear 
rheometer at 125«C. The Mooney viscosity for the elastomers 
generally ranges from a minimum of i, preferably 5. more 
preferably io. and especially 15 to a maximum of 150 
preferably 125, more preferably loo, and especially 80 
The aensity of the olefin elastomers or rubber is 

measured accordinq to ASTM n -700 -m. _= 

. 3 0 AS ™ D ' 7 92. The density of the 

elastomers or ruhbc*- c 

or ruooer ranges from a minimum of 0.850 

grams/cubic centimeter <g/cm>> . preferably 0 . 853 g/cm3< and 
especially 0 . 85 5 g/cm>, to a maximum of 0.895 g/cm> 
preferably 0.885 g/cm>, and especially 0.875 g/cm* ' 

' Fabricated articles made from the olefin polymer 
products . 

made by the solution polymerizat i m 

n „ ce _ . polymerization system and process of the 

present invention may be oreoar^rt 

olc c . c ^ y De P re P a red using any conventional 

° 1£iln fabrication techniaue n Co f, 1 • • , . 

cnnigue. Useful articles include fii ms 

'e-9.. cast, blown and extrusion coated,, fibers (e.g.. 



-59- 



WO 97/36942 

PCI7US97/O5420 

staple fibers. 5?lulbond fibers or 

disclosea in us Patent » os . 4 , .„ „„ y" 6 ™ 5 as 

or 4 323 <i„ , S63; 4.663. 220,- 4.668.S66; 

Patent h ' ' SySten,s » «.el«.d in us 

Patent No. ui.,110), both woven and nonwoven fabrics ,. . 
sounlaceo fabrics disclosed in US Patent No. 3.465,706, o" 
structures „ade fro. such fibers ,includin 9 , e.g. blends « ' 

molded articles n 

rticies (e.g. maoe using , an injection molding 

Process, a blow molding process or a rotomolding process, 
The polymer products described herein are also useful for 
wire and cable coating operations , £hrink ^ 
as well as m sheet extrusion for vacuum forming operations. 

Example t 

Using water as a heat' transfer media in a solution 
PC ymeriza tion system as in FIG. , for making polyechylenSf 
hea transfer coefficients varied from 15 to greater than 45 
Btu/hour-scuare foot-F. A twin screw pump was used e g as . 
commercially available from Worthington Sierbath The 
volumetric heat removal rate for this solution polymerization 
system was calculated to be 750 Btu/hour-cubic foot-T (14.0 
kW/cubic meter«°K) . 



Examplp ? 

In one particular embodiment, .the solution 
Polymerization system 10, was operated at a recycle ratio of 
7-3 using pumps having a 20 g pm capacity and using M 
and-tube heat exchangers having 42 tubes each, each tube 
having a length of 4.25 foot and an outer diameter of 1 0 
inches. The first heat exchanger had a heat transfer 
coefficient of 33 Btu/hour-square footer and the second heat 
exchanger had a heat transfer coefficient of 35 4 
Btu/hour.square foot-F. The heat transfer coefficients were 
calculated by the method that follows. Using the second heat 
e-changer as an example, the" heat removal rate was calculated 
from the difference between the inlet and outlet temperatures 
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of -.he water coolant media' (135 . 0 . c „ d „ s , . c 

respectively, times the heat capacity of the water times th» 
a=w rate of the water .,„.„.„ ?ountis/hr (500 " th " 

— Based on the reacting process side ilt and'outlet 
> temperatures <„,.. - c and lsl . a . c . respectively, o£ the 

counter current heat exchancpr ^ , 

..^ excnanger, the log mean temperature 

d 1; erence in X was. 13 . S <i„ , t he log mean temoerature 
curference was 25, . to appropriate elation for "determine 
log mean temperature difference is provided by PerrTald ' 

equation Dividi „ 9 the ^ ■ JJ* » i. 

«..«. Btu/hr b y the log mean temperature difference in V and 
by t e ,r ea of 46 . 7 sg uare feet, the calculated-'heat transfer 
confident was 35. ,■ Btu/hour-square foot.-F 

Bcu/hour-cubic foot-P , 14 .„ k „ /cubi c mecer-K,. the polymer 
production rate was 220 pounds per hour and the poller 
product.cn rate per unit volume per hour for the linlar low 
de„ s , ty ethyleneA-octene copolymer iUm , was 4.5 poundl 
per hour per gallon of system volume. The solvent used w s 
!sopar~ E which is commercially available from Exxon. 
Corporation. The catalyst used was a conventional 
heterogeneous ziegler coordination metal catalyst as 
descrroed. for example, in „. s . ment No 

production size facility. 
0 .Example * 

DO , USk9 Wat£r 35 3 heat transfer media in a solution 
polymerization system 100. as in Fir ■■> f 

Polymer blend product heat L V ^ 
1S rn „ ' h6at tlan£ ^r coefficients varied from 

to greater than 45 Btu/hour-scuare foot-F. A twin screw 

b-th. The volumetric heat removal rate for this solution 
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polymerization system was calculated to be 750 Btu/hour. cubic 
f oof °P (14.0 kW/cubic meter.°K). • 

Example 4 

5 Using water as a heat transfer media in solution 

polymerization system 400, as in FIG. 5, for making 
polyethylene, heat transfer coefficients varied in range of 
from 4 to 15- Btu/hour-square foof'F. A twin screw pump was 
used e.g. as commercially available from Worthington 
.0 Sierbath. The volumetric heat removal rate for this solution 
polymerization system was calculated to be 100 • Btu/hour.cubic 
foof'F {1.9.kW/cubic meter.°K) . 
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Example s 

Using water as a heat transfer media in a solution 
polymerization system 500, as in FIG. 6. for making 
polyethylene, heat transfer coefficients varied in range of 
from 4 to 15 Btu/hour-square foofF. A twin screw pump was 
used e.g. as commercially available from Worthington 
Sierbath. The volumetric heat removal rate for this solution 
polymerization system was calculated to be 370 Btu/hour.cubic 
foot- 6 F (6.?kW/cubic meter.°K) . 

FIG. 7 compares the volumetric heat removal rates of th- 
novel solution polymerization systems and processes of the 
present invention (Examples 1, 3. 4 and 5) to known heat 
transfer processes or reactors. Based on descriptions 
•provided herein and the descriptions provided by Meyer in a 
paper presented at the AlChe Annual Meeting, Los Angeles ' 
November 17-22. 1991. the appropriate comparisons are as 
follows: Examples 1 and 3 (Ex. l and Ex. 3) should be 
compared to Comparative Examples 1 and 2; and Examples 4 and 
5 (Ex. 4 and Ex. 5) should be compared to Comparative 
Examples 3 and 4 . m FIG . 7. comparative example are the 
numerals inside a circle. For reactor volumes greater than 
or equal to 1 cubic meter, to various comparisons show that 
-the nonadiabatic solution polymerization systems of the 
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present invention are cha^acteri*** k 

h p S . Vdr _ , na.actenzed by superior volumetric 

I" : mv t ^; tivel5 '' at volu -" ric — ~ »». 

heat tral, " mUltitUbe 5 ""= "«»r with 

n „ * "°" inS throu9h the the 

nonadiabatic-solution polymerization systems of the present ' 

'7"" Pr ° Vide »«*«.«. Products even where 
nontortuous heat exchange apparatus is employed The lett. 

:::: o ;i 9 : h : n rr::i h 7'—' ^ - 

well-mixed smgle phase reaction stream 

and £oll °"i"9 Table ! provides the process conditions 

nd product properties of ethylene polymers made using 
various embodiments of the present invention- 



Continuous Non 
Adiabatic Loop 
Reactor System 
in Accordance 
with FIG. 1 



Table 1 

Continuous Non- 
Adiabatic Loop 
Reactor System, in 
accordance with 

fig. i 



continuous Hon-Adiaba tic Loop" 
Reactor System in accordance 
with FIG. 2 
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Table 1, Continued 



catalyst Type j Metal locene 

catalyst complex 



Catalyst 
efficiency, MM 
lbs. 

product /lb. Ti 



Volumetric heat 
removal . rate, 
BTU/hr*f t 3 *°r 

Production 
rate, lbs. /nr.* 



0.61 



Heterogeneous 
Ziegier-Natta 
coordination 
catalyst system 

' 57b 



Metallocene 
catalyst cornplex 



I s Melt Index 

Density, 
grams/cc 



570 



220 



2.5 
0.9246 



6B2 



320 



1.1 
0. 9169 



2.4 



570 



125 



-Not measured 
Not measured 



Heterogeneous 
Ziegler-Natta 
coordination 
catalys t system 

0.49 



6B2 



314 



0 . E5 
0. 9267 



Not measured 



7.1 



Not measured 



LCB/1000 
carbons"* 



3 .04 



0.31 



0.0 



0 .03 



0.0 



The following Table 2 provides the process conditions 
and product properties of ethylene polymers made using other 
embodiments of the' present invention: 
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Table 2 



Process 
Temperature, 



psig 



Process 
Pressure. 

Polymer 
Concentration 



C 2 Conversion, 



Solvent/C 2 
feed ratio 



c 2 fiow'r 

lbs./hr. 

c7"fTowr* 

lbs./hr 

SydrogenT 
tnolel 



Recycle" Pump" 
flow, 

gallons/min. 

RecycTe"Ratio" 

Residence 
time, min. 



j ExamplV 10* 

T5"i 



Example 9 



135 



475 



22.0 



90.9 



4 . 0 



B, 600 



1.350 



0.01 



5, 000" 



36.2 

*3e7s~ 



475 



87.6 



4.0 



e. 400 



1.650 

*T.*oT~" 



3.300 



25.9 

TfiTS" 
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Table 2, Continued 



Catalyst Type 


1 Metallocene catalyst 
| complex 


: ; Metallocene catalyst 
j complex 


^ a a. v o ^ 

efficient, KM 
lbs. 

product/lb. Ti 




j 1.5 


Volumetric 
rate, 

BTU/hr*ft 3 «°F 


j 100 


i 370 


Production 
ra t e , 
ibs./hr.* 


9.430 


9,250 


I 2 M«lt Index j 


1.0 "j 


1.5 


Density, ; 
grams/cc 


6.909 j 


0.902 


WV* \ 


10.0 


9.6 


lcb/To'do 7 
carbons'* j 


2.2 J 


3.8 


0.130 " 7 


0.061 

— 



'w-"" 4 * 

In another evaluation, a substantially linear 
ethylene/1 -octene polymer was made using an adiabatic 
solution polymerization process comprising a continuously 
stirred tank reactor (Comparative Example 13) and was 
compared to two instances (Examples 11 and 12) of the same 
product (i.e. having the same comonomer and essentially the 
same melt index and density) made using a non-adiabatic 
solution polymerization system and process according to the 
present invention, as described in FIG. 5. and operated 
continuously. • m the evaluation, water was used as the heat 
transfer media for Examples 11 and 12 and the same 
meta?locene catalyst systems was used for all three examples. 
The heat of polymerization was removed by the solvent in the 
feed for Comparative Example 13. That is. the solvent 
functions as a heat sink and as such Comparative Example 13 
was representative of a continuous adiabatic solution 
polymerization system. The process conditions and resulting 
product properties for the three example polymerizations are ■ 
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Catalyse Type 



Catalyst EfflciTn^*" 
MM lb. product/lb, 

Ti 



Production ~Rat 
lbs./hr. 



Vo 1 u metric heat" 
removal rate, 
BTU/hr*ftV°F 



Melt Index, 
g/10 minutes 
Dens r£y7"*gm7cc" 



Mw/Mn 



Vi ny 1 s / 1 o 6<Tca rbSnT 



Long chaiS"*b*ranchTng"' 
per 10 DO Carbon"* 



Table 3 f P ontinueri 

ConTinuousl^ j Continuous Non- 

Stirred Tank j Adiabatic Loop 

Adiabatic Reactor I Reactor System 

Example li 



Cotnp. Example 13 



Metallocene 
Catalyst System 



Metal locene 



Catalyst System 



1.2 



1.65 



3, 400 



7. 000 



0.0 



100 



0.83 



0.B0 



0 . 305 



0.905 



9 - 0 (maximum)"" 



9.3 



2.1 



2:i 



0.026 



0.024 



0.0B4 



O.DBS 



Continuous Non- 
Adiabatic Loop 
Reactor System 



Example 12 



Metallocene 
Catalyst System 



1.1 



10, 000 



100 



0.90 



0.90S 



11.5 



2.3 . 



o.ose 



0.21 



5 ;^«r::r:/": t :L ba " d ° n - <•* - «•»«. .. «m« d by di££erent 

• Surprisingly, the results shown in Table 3 indicate that 
certain embodiments of the present invention allow olefin 
Polymer manufacturers to prepare substantially linear 
- ethylene pollers in a novel system or process characterized 
■ ^ significantly improved process/product capabilities such 
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";o^:::::: e ; s ;:::LnT t ?- hi9her cm ef£i — 

Drevioiie1 9 €ssentlall y the same product than was 

5 P-as:^:;::;:;,";::; ;r::r — — - * - . 

j-iy tne same", it is meant that- m-asur*rt 
-.raged »elt index and density vslues -"»»<». 

of each other for the substantially linear e h!, T"" 
products being compared. ' yle " e P03ymer 

> In addition to the surprising results in Table 3. F IG , 

<wh,ch „ a contour plot, illustrates the !„„, process " 

-cess used for ^72^^^^ 

=yste. and process, the high-end ,„/,, capability range is 

designated i ine A snrf i-v^ t 

-me A and the low- e „d I,./,, capability range is 

^signed line c in Flo. .. Lines „ a „ d D ^ ^ 

capao.lity range determined for the adiabatic solution 
polymerization used for Comparative Example i. While FIG s 
fcaces Mth " « P-"e the sa.e WI; values 

z ; ;:::::: y improved producti ° n — -»» 

ethvle„"e/r h " emb ° diment - 8 substantially linear ' - 

".ecallocene catalyst , .terfbutyla-ido, (tetra^ethyW- 

cyclopentadienyl,di n ethyl- si lanetita„i„ m ,„, i 3- 

pentadiene). ' 
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The polymerization conditions and resultant polymer 
properties are set forth in the following Table 4. 



Table 4 



Example It 





4.4«uwu^ i'uj] *aci aoat 1 c L»oop 
Reactor System 


Process Temperature, °C 


146 


Process Pressure, psig ~ ' 


535 


Polymer Concentration. vt . •* 


14.2 


C 2 Conversion, 


66 


Solvent/C, teed ratio ' ~ — 


6.0 


Cj flow Ubs/hr) 


209 


C, flow (lbs/hr) 


35.4 


Hydrogen, mole \ " 


0 . 1$ 


Recycle pump flow (gal Ions /mi nT 


6.7 


Recycle ratio — 


4 . e 


Resiaence time (mm) — 


7.2 


Catalyst Efficiency, MM lb. /lb. Ti ' 


0.56 


riuau "i° n Kate*, lbs. /nr. 1 1 ^5 


Volumetric heat removal rate, BTU/hr * f t J * e F j HF" 


*: Melt Inde*. 9/10 minutes j " 0 5 ■ 

t 
1 


^"ilLy, cttti/.cc 


0.919 


Mw/Mn " " — L 


12.0 




2.2 


U=ng chain branchin 5 per 1000 Carbons 
■ m L 


0.115 
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CLAIMS ; 

1. A solution polymerization system for 
Prizing an olefin monomer in at least one reactor stream 
ox . least one reactor with catalyst and solvent, the SyS t e ! 
comprising: system 

(A) at least one .flow loop which forms the at 
least one reactor, the at least one reactor having a 
reactor volume, the at least one flow loop having: 

<D at least one product outlet, 

catalvst ^ leaSt CatalySt inlet< trough. which 

catalyst flows into the at least one flow loop, 

(3) at least one monomer inlet through which 

Catalyst and solvent, forms a reaction stream, 
. «) at least one heat exchange apparatus 

which receives the reaction stream and polymer formed 
therein, and which removes heat of reaction or 
2q Polymerization from the at least one flow loop. and 

<5) 3t least one P ura P apparatus for pumping 
the reaction stream and polymer around the at least one 
flow loop, 

. . 9 P ° rtion of che reaction stream and polymer 

exiting the at least one flow loop through the at least 
one product outlet, and 

(O the at least one heat exchange apparatus 
removing heat of reaction or polymerization from the ■ 
Polymer and reaction stream at a rate of at least 85 
Btu/hour-cubic foot.°F (1.6 kW/m J ."K) . 

wh 2 : Th€ solution Polymerization system of claim 1 
wherein the heat exchange apparatus removes heat : .t a rate of 
at least 4 00 Btu/hour-cubic foot-F (7.4 kW/m'.'K) . 
wh „ 3 ' B ° 1Xlti0n P ol >"^iz3tion system of claim 1 

J 61 " h€?t SXCha ^ e status removes heat at a rate of 
at least 600 Btu/hour-cubic foot-F (11 . 2 kW /m'.° K ) . 

4. The solution polymerization system of claim l 
61n the heat exchange apparatus comprises 



25 
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a first heat exchanger, the first heat 
exchanger comprising a housing through which a heat " 
transfer media flows and a plurality of static mixer 
heat exchange tubes through which the reaction stream 
and polymer flow, the reaction stream and polymer 
flowing out from the first heat exchanger into the at ' 
least one flow loop for further movement therethrough 
5. The solution polymerization system of claim 4 
rurther comprising 

at least one additional heat exchanger on the 
at least one flow loop for receiving the reaction stream 
and polymer and for removing heat of reaction or 
polymerization from .the reactor stream, and 

the pump apparatus pumping the reaction stream 
and polymer to the product outlet, a portion of the ' 
polymer and reaction stream flowing out from the product 
outlet and a portion of the reaction stream and polymer 
recycling through the at least one flow loop. 

6- The solution polymerization system of claim l 
wherein the reaction stream flow is substantially laminar. 

7- The solution polymerization system of claim 6 
wherein the Reynold's number of the reaction stream flow is 
at most 2,200. 

8. The solution polymerization system of claim 1 
25 further comprising 

the at least one monomer inlet comprising one 
monomer inlet positioned downstream of the at least one 
catalyst inlet. 

S. The solution polymerization system of claim 6 
wherein the heat exchange apparatus comprises a first heat 
exchanger and at least one additional heat exchanger, the 
system further comprising 

the one catalyst inlet and one monomer inlet 
above the first heat exchanger, and 

the pump apparatus for pumping the reaction 
stream and polymer from the first heat exchanger to the 
at least one additional heat exchanger. 
10- The solution polymerization system of claim i 



20 
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further comprising 

at least one static mixer disposed in the at 
least one flow loop between the at least one catalyst 
inlet and the at least one monomer inlet for reactor 
stream . 

fu^th 11 ' The . SOlU6i ° n Polarization system of claim i 
rurther comprising 

at least one static mixer disposed in the at 

::: t lo : p between the at w ~ ~ 

-let and the at least one heat exchange apparatus for 
mixing the reaction stream. 

furth 12 ' ^ SOlUti ° n POl ^ erizat i°n system of claim l 
rurther comprising 

- a monomer injector in the at least one flow " 
loop ln fluid communication with the at least one 
monomer inlet, so that monomer and solvent flow into the 
at least one flow loop through the monomer injector 
13 . The solution polymerization system of claim 12 
wherein the monomer injector comprises 

20 , - - 

a hollow body with a. hollow inlet and a 
Plurality of spaced-apart hollow arms in fluid 
communication with the hollow inlet, 

each of the plurality of hollow arms having a 
Plurality of spaced apart fluid exit ports through which 
monomer flows into the at least one flow l oop 

fu,-^ 14 ' SOlUti ° n pol ^ e ""tion system of claim 13 

lurcher comprising 

the at least one monomer inlet disposed 
downstream of the at least one catalyst inlet. 

^ SOlUCi ° n P 01 ^ 1 "^ system of claim 1 

flow l" fl ° WS With ' Cat3lySt int ° th * « 1— : on. 

flow l 00 p through the ac l£ast ^^^^ 

16. The solution polymerization system of claim 1 

« Too7ll SOlVSnC fl ° WS m ° n0mer int ° the « l««t one flow 

loop through the at least one monomer inlet. 

furrh! 7 " ^ SOlUti ° n POlymerizat ^" system of claim l 

further comprising 

a catalyst injector in the flow loop in fluid 
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communication with the at least one catalyst inlet so 
that catalyst and solvent flow into the at least one 
ilow loo -° trough the catalyst injector 
IB. The solution polymerization system of claim 17 
> further comprising 

the catalyst injector comprising 

a body with a solvent inlet. 

a mixing zone into which solvent flows in 
fluid communication with the solvent inlet, 

a catalyst port through which catalyst is 
mtroducible into the mixing zone, and 

an outlet through which flows mixed 
catalyst and solvent into the at least one flow 
loop. 

19. The solution polymerization system of claim 1 
wherein the reaction stream and polymer are maintained 
substantially as a single liquid phase solution. 

20. The solution polymerization system of claim 1 
wherein the at least one flow loop has a flow loop volume of 
greater than or equal to 1 cubic meter and polymer is 
produced at a rate of at least 0.7 pounds per hour per gallon 
of flow loop volume. 

21. The solution polymerization system of claim 1 
wherein the at least one flow loop has a flow loop volume of 
greater than or equal to 1 cubic meter and polymer is 
produced at a rate of at least 5 pounds per hour per gallon 
of flow loop volume. 

22. The solution polymerization system of claim 1 
wherein the at least one flow loop has a flow loop volume of 
greater than or equal to 1 cubic meter and polymer is 
produced' at a rate of at least 12 pounds per hour per gallon 
of flow loop volume. 

23. The solution polymerization system of claim 1 
wherein the at least one flow loop has a flow loop volume of 
greater than or equal to 1 cubic meter and polymer is 
produced at a rate of at least 15 pounds per hour per gallon 

or flow loop volume. 

24. The solution polymerization system of claim 1 
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--in polymer is produC£d with a recycle ratio ef iess ^ 

whe.ein'oJ he SOlUti ° n POlyroerizati °n -/"en, of claim x 
5 -.-.an pol^ r is produced with , recycle ^ ^ ^ ^ 

wher € L\ol!l S ° 1UCi ° n P ° lymeri2ati °» of claim x 

wherein poller is produced with a rgcycie ratiQ ^ iess ^ 

• wherein' 'ool^ S ° 1Uti ° n ****** of claim i 

wherein polymer is produced with a recycle ratio nf 
10. cyc * e ratio of less than 

wherein 'thr P ° lymerizati - ^em of claim 1 

wherein the polymer is polyethylene. 

wherei 2 n' th e The tT^ -V-t- of claim 26 

herein the catalyst is selected from the group consisting , 
heterogeneous catalyst and homogeneous catalyst C ° nS1Stln5 ° f 
wherein' The - S ° lutloa P°^ri 2 ,tion system of claim i 

at least "J^^ 9 ^ is introduced through the 
^ least one monomer inlet*. 

wherein' ^ S ° 1Uti ° n P ° lymeri2ati - »y««» of claim 30 

the terminating agent is hydrooen. 

where n' e Th ! S ° 1Uti ° n POl >™ ri2a ^ system of claim 1 
wherein residence time is at most 12 minutes 

« ole'L -f S ° 1Uti0n P^ization syste, for polymerizing 

•i« i TZ V reactor stream of two or ™ ™ 

catalyst and solvent, the system comprising- 

the firL " firSt fl ° W l0 ° P WhiCh f0rmS 3 first "-tor. 
th first reactor having a first reactor volume, the ' 
urSL fl ow loop having: 

<*> at least one first product outlet. 
<ii) at least one first catalyst inlet' 
through which catalyst flows into the first flow loop ■ 

which mn o i," leSSt firSt m ° n0mer inlet trough 

wnich monomer flows into the fi ,-«=,- *n , 

cataW an ^ , ° W l00p and ' with 

cata.ys. ano solvent. f orms a fir£t reaction 

<*v; at least one first heat exchange 
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apparatus which receives thp f 

f . , -eceives the first reaction stream and 

first polymer formed therein, and which removes heat' of 
reaction or polymerization from the first flow loop, and 

(v) at least one first pump apparatus for 
Pumping the fi rsc reaction stream and first polymer in 
the first flow loop from the at least one first heat 
exchange apparatus to the at least one first product 
outlet, and 

<B) a second flow loop which forms a second 
reactor, the second reactor having a second reactor 
volume, the second flow loop having: 

at least one second .product outlet/ 
(11) at least one second catalyst inlet 
through which catalyst flows into the second flow loop, 

dii) at least one second monomer inlet 
through which monomer flows into the second flow loop 
and, with. catalyst and solvent, forms a. second reaction 
stream, 

(iv) at least one second heat exchange 
apparatus which receives the second reaction stream and 
second polymer formed therein, and which removes heat of 
reaction or polymerization from the second flow loop 
and 

(v) at least one second pump apparatus for 
pumping the second reaction stream and second polymer in 
the second flow loop from the at least one second heat 
exchange apparatus to the second product outlet, and 

(C) the at least one first heat exchange apparatus 
and the at least one second heat exchange apparatus ■ 
removing total heat of reaction or polymerization from 
the reactor streams at a rate of at least 85 
Btu/hour-cubic foot-°F (1.6 kW/ m ! .°n , 

(D) the second flow loop having at least one 
product inlet into which flows the first polymer and a 
portion of the first reactor stream from the at least 
one first product outlet of the first flow loop, and 

(E) a portion of first polymer, second polymer, 
first reaction stream and second reaction stream exiting 



-76- 



WO 97/36942 

PCT/US97/05420 

■ the second fl ow loop through the £t ^ 
product outlet. 

34. The solution polymerization system of claim 33 
wherein each reaction stream with poller is maintained 
substantially as a liquid phase solution. 

35. The solution polarization system of claim "33 
wherein polymer is produced at a rate of at least o 7 

Per hour per gallon of reactor volume. ^ 

> 36. Th e solution polymerization system of claim 33 

wherein polymer is produced at . ^ of at ^ 
per hour per gall on of reactor volum ^ P unas 

37. The solution polymerization, system of claim 33 ■ 
wherein polymer is produced at a rate of at least 12 pounds 
per hour per gallon of reactor volume. 

wh<w 38 ' SOlUti ° n p0l ^ eri ^ion system of claim 33 

wherein polymer is produced aC . ^ ^ ^ 

per hour per gallon of reactor volume. 

39- The solution polymerization system of claim 33 
wherein polymer is produced with . recycle ^ ^ ^ ^ 

40. Th e solution polymerization system of claim 33 
wherein polymer is produced with a recycle ratio of less than 

wheJ 1 ' ^ SOlUti ° n POl ^ eri2at ^ system of claim 33 . 
^herein polymer is produced with a recycle ratio of less than 

42. The solution polymerization system of claim 33 
wherein polymer is produced with a recycle ratio of .less than 

43. The solution polymerization system- of claim 33 
wherein the polymer is polyethylene. 

■Polymer" tlT^" '** * — ' to produce a 

poiymer, the process comprising 

feeding monomer into at least one flow loop 
t-e at least one flow loop forming at least one reactor 
having a reactor volume, . 

feeding catalyst into the at least one flow 
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feeding solvent into the at least one flow 



the monomer, catalyst, and solvent forming a 
reaction stream in which a polymerization reaction of 
the monomer to a polymer occurs giving off heat of 
reaction or polymerization, 

flowing the reaction stream to at least one 
. heat exchange apparatus, wherein heat of reaction o- 
polymerization is removed from the polymer and reaction 
stream at a rate of at least 8B Btu/hour-cubic foot-F 
{1.6 kW/mVK) , and 

a portion of the polymer and reaction stream 
exiting the at least one flow loop through a product 
outlet and the remainder thereof recycling back through 
the at least one flow loop. 

45. The process of claim 44 wherein the at least one 
heat exchange apparatus removes heat at a rate of at least 
400 Btu/hour-cubic foot-'F {7.4 kW/m 3 .°K) . 

46. The process of claim 44 wherein the at least one 
heat exchange apparatus removes heat at a rate of at least 
600 Btu/hour-cubic foof'F (11.2 kW/m 5 .°K> . 

47. The process of claim 44 wherein the at least one 
heat exchange apparatus comprises a first heat exchanger, the 
first heat exchanger comprising a housing through which a 
heat transfer media flows and a plurality, of static mixer 
heat exchange tubes through which the reaction stream and 
polymer flow, the process further comprising 

flowing the reaction stream and polymer 
through and from the first heat exchanger into the at 
least one flow loop for further movement therethrough. 

48. The process of claim 47 wherein at least one 
additional heat exchanger is on the at least one flow loop 
for receiving the reaction stream and polymer and for 
removing heat of reaction or polymerization from the reactor 
stream, and the process further comprising 

pumping the reaction stream and polymer to the 
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product o»d.t with at least one ^ 

from the product outlet- = . 

««.. and poi^; ■ : c lna t porti r of the reacti - 

flow loop. ^ tnr ° Ugh the at leas ^ one 

49. The process of claim 44 wherein -there is at ' 
one monomer inlet nosin™^ .» st 

-met positioned downstream of a catalyst 
and the orocess fnr-K 0 >- ■ • *-*taJ.ysc inlet 

the at iL« compri. lng feeding monomer through 

the at least, one monomer inlet into the flow loop 

50 The process of claim 44 wherein a static mixer is 
d»po..o m the flow loop between a catalyst inlet aTa 
-nomer inlet and the process further comprising 

.mixing the reaction stream with the static 



mixer . 
51 



disced j\\r:n: ° f ciai r 4 whe " i " • 

m ' and the Process further comorising 
mixer. miXln9 ^ r6aCti ° n SCrSam With the stati ^ - 

is in^h ^ Pr ° CeSS ° f Clalm 44 Wh6rein a »°no»er injector 
1 td h° W l0 ° P ^ ~ ^ with a monomer 

low _ nto the £low loQp through 

catalyst with ° f Claim ^ fUrth6r lowing" 

inlec y S ° IVent int ° the "°w loop through a catalyst 

-nomlr wit?soTvl7-° f " 

a corner Lli: 6 " ^ ^ "~ l «* 

is in 5 : he ^:^r:;i c T 44 wherein a cataiyst 

one catal yst in e ? ^ 'l « ith « « least 

yst inlet, and the process further comprising 
flowing catalyst and solvent into th* fi n 
catalyst injector. ^ l0 ° P thr9U9h the 

56- The process of claim 55 further comprising 
the catalyst injector comprising 
a body with a solvent inlet, 
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a mixing zone into which solvent flows in 
fluid communication with the solvent inlet, 

a catalyst port through which catalyst is 
introducible into the mixing zone, and 

an outlet through which flows mixed 
catalyst and solvent into the flow loop. 

57. The solution polymerization system of claim 44 
wherein the reaction stream with polymer is maintained 
substantially as a liquid phase solution. 

58. The solution polymerization system of claim 44 
wherein the flow loop has a reactor volume and polymer is 
produced at a rate of at least two pounds per hour per gallon 
of reactor volume. 

59. The solution polymerization system of claim 44 
wherein polymer is produced with a recycle ratio of less than 

50. '-"ail 

60. The solution polymerization system of claim 44 
wherein the polymer is polyethylene. 

■61. A process for polymerizing a monomer to produce a 
polymer, the process comprising' 

feeding monomer into a first flow loop, the 
first flow loop comprising a first recycling reactor 
having a first reactor volume, 

feeding catalyst into the first flow loop, 
feeding solvent into the first flow loop, 
the monomer, catalyst, and solvent forming a' 
first reaction stream in which a polymerization reaction 
of the monomer to a first polymer occurs giving off heat 
of reaction or polymerization, 

flowing the first reaction stream to first 
heat exchange apparatus, wherein eat of reaction or 
polymerization is removed from t , first polymer and 
first reaction stream at a rate of at least 55 
Btu/hour.cubic foof°F (1.6 kW/m 3 »°K) , 

at least a portion of the first polymer and 
first reaction stream exiting the first flow loop 
through & first product outlet, 

feeding monomer into a second flow loop, the 
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second flow loop compriging a secQnd 

hav lng a second reactor volume, * 
feeding catalyst into the second flow l 0op 
needing solvent into the second flow l 00p 

second rea : : 0 :°:::i: m n y t and soivent * 

c " Whlch a Polarization 

~ °" ™ » • "".a polymer like - the 

rr:™:;; t :i::r f rr — - 

a ~ ate of at least 65 
Btu/hour-cubic foot.-F (1. 6 kw/„V K | , and 

second 3 POrti ° n ° £ the »«- P-y-r and 

jrnr- f ~° the -------- 

line and the process further comprises 

line and ' ' Pr ° dU " ° Utl " » «— o 

common outlet » "» 

«<■ The solution polymerization system of claim 1 f 
congruously polymerizing the monomer OI " 

/ A^ynurizing the monomer 

contin'usiT^Idtrmol^ 31 " " ^ 

-y ieeamg monomer, catalvct ^ , 

flow Ion-, • cacaiyst and solvent to the 

loop Q nd continuously removinr, = 
Product and reaction e r rem ° Vln9 a P°«"» of polymer 
nd reaction stream through the product outlet. 

«■ The process of claim 61 further comprising 
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continuously feeding .oncer, catalyst and solvent to the 
first and second flow loops and continuously removing a ' 
portion of polymer product and reaction scream through the 

secona product outlet. * 

66. A non-adiabatic solution polymerization process fo>- 
polymenzmg ethylene monomer in a reaction stream of a loon ' 
reactor with solvent and catalyst, the process comprising 

blowing ethylene monomer into the reactor stream the 
reason stream including solvent and catalyst and wherein an 
ethylene polymer is formed and the resulting heat of reaction 
or polymerization is produced, and 

nonadiabatically removing the heat of reaction or 
polymerization from the reaction stream. ' - 

69- The process of claim 68 further comorising 

flowing at least one alpha-olefin comonomer into the ' 
reaction stream, and 

forming an ethylene polymer wherein the at least one 
alpha -olefin is copolymerized therein. 

70. The process of claim 68, wherein heat of reaction 
or polymerization is removed at' a rate of at least 1 
Btu/hour«cubic foot«°F. 

71. The process of claim 68, wherein solvent and 
catalyst are introduced into the reaction stream upstream of 
introduction of ethylene monomer. 
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